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PREFACE 


The complete development of this advanced rocket noise theory and appli- 
cation is performed under the sponsorship of three NASA-MSFC contracts: NAS8- 
25893 and NAS8-26915 to Wyle Laboratories Eastern Operations/ and NAS8-28588 
to the University of Alabama in Huntsville. The first contract was awarded to Wyle 
Laboratories in February 1 970 • In the course of this study, numerous reports and 
technical papers have been published to mark various phases of progress: 

1 . “Analytical properties of noise generating mechanisms in a supersonic 
shear layer, " NASA CR-1848, Wyle Laboratories, May 1971. 

2. “A generalized theory on the noise generation from supersonic shear 
layers Journal of Sound and Vibration, V. 19, pp. 401-410, April 1971. 

3. "Applications of the generalized aerodynamic noise theory," AIAA 
paper 71-584, presented at the AIAA 4th Fluid and Plasma Dynamics 
Conference, Palo Alto, Calif., June 1971. 

4. “Applications of the generalized jet noise theory / " Wyle Laboratories 
Research Staff Report WR-72-5, March 1972. 

5. “Developments of a generalized theory of jet noise AIAA journal 
v. 10, pp. 596-602, May 1972. 

6. "An analysis of jet noise directivity, " AIAA paper 73-185, presented 
at the AIAA llth Aerospace Sciences Meeting, Washington, D. C., 
January 1973. 

7 . "Aerodynamic noise emission from turbulent shear layers," J . Fluid 
Mechanics, V. 59, pp. 451-479, July 1973. 

At the conclusion of the present contract, the studies have come to a major 
milestone. Namely, the application of the theory to practical engineering problem 
has been realized. It is therefore hopeful that from this point on, the application 
will aid the development of accurate methods of noise prediction which would rely 
less on empirical approach, and place the engineering prediction of rocket and other 
types of jet propulsion noise on a solid analytical basis. 


ill 



In the course of this stud/, the superb technical coordination of the NASA" 
MSFC Unsteady Gasdynamics Branch, the technical resources of Wyle Laboratories 
and the Fluid and Thermal Engineering Department (presently the Mechanical 
Engineering Department) of The University of Alabama in Huntsville, have been 
most valuable for enhancing the progress of this work, for which the author wishes 
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ABSTRACT 


The present report describes the application of the Phillips theory to engineering 
calculations of rocket and high speed jet noise radiation. It contains the detailed 
derivation of the theory, the composition of the numerical scheme, and discussions 
of the practical problems arising in the application of the present noise prediction 
method. Although the present method still contains some empirical elements, yet 
it provides a unified approach in the prediction of sound power, spectrum, and 
directivity. It is expected that the present method would permit great improvement 
in the accuracy of jet and rocket noise prediction. 
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1.0 INTRODUCTION 


For the past decade, rocket noise prediction for engineering application has 
relied on empirical methods. Although the predictions have been accurate in general, 
there is a need to understand the basic mechanism of rocket noise. The accuracy of 
the empirical methods rests heavily upon the large amount of experimental data as 
accumulated through various measurements of engine test firing and actual vehicle 
launch. As for the noise of recently developed rocket engines, the data base will 
not be sufficient for practical applications if empirical techniques are used. Further- 
more, the existing empirical approach is limited in scope. Reliable directivity 
patterns and sound source location can not be established by using experimental 
data alone. Therefore, an advanced rocket noise theoretical model is clearly in 
demand . 

The present report describes the result of a jet noise theory based on the Phillips 
convected wave equation. Effects of high speed convection, refraction, and other 
aero-acoustic interactions in the flow regime are included in the theory. After 
preliminary calculation has indicated that the theory is capable of providing accurate 
description of jet and rocket noise, the numerical model for direct engineering 
application was constructed. 

The main advantage of the present numerical model is the simplicity of Input 
parameters. A typical set of input includes four key parameters: the maximum con- 
vection Mach number, the maximum speed of sound ratio, the spatial scale and the 
scale ratio for the local turbulence. The typical output is nondimensional . In case 
dimensional quantity or change of reference scale is desired, two scale factors may 
be added to the list of input quantities. These factors will place the predicted 
frequency and intensity of sound at their proper values. The most important aspects 
of this method are perhaps the items as given below: 

(a) Accurate determination of the directivity pattern, especially in the 

upstream directions. Since the launch vehicle structure is exposed to 
the upstream sound field of the rocket exhaust flow, accurate prediction 
of the upstream directivity can effectively reduce the load uncertainty 
for the vehicle structure. 
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(b) The correct trends of sound power level and spectrum. In the low 

supersonic and transonic velocity range, the sound power as a function 

of convection Mach number has been a source of disagreement between 

experiments and previous theories. The present calculation provides 

the correct observed characteristic frequency of jet noise throughout 

8 

this range, and the U -law is reproduced without any irregularity for 
transonic convection velocities. 

(c) The allocation of sound source at different frequencies as a function 
of direction . Since the Doppler effect causes the frequency to be 
different 5n different directions for sound emitted from the same source, 
the sound source location is expected to be different for sound emission 
in different directions at a given frequency. There. has been some 
efforts to infer the apparent source location from experimental data. 
However, a systematic approach is not available among the empirical 
noise prediction methods. In most cases, fixed source locations are 
assigned for a given class of launch configurations. 

It should be noted that the present numerical model does carry a small number 
of empirical parameters such as the structural constants of the turbulence. These 
constants will be determined by numerical iteration such that the prediction and 
the experimental data are brought into agreement. The advantages of the present 
method over the conventional empirical technique are its power of extrapolation 
and its unification of spectral and directional calculations under one theory. 

The present theory does not completely explain all the important trends of rocket 
noise emission. One of the most important discrepancy is the sound source strength 
per unit length in the mixing region of the flow. The theory indicates that the 
source strength is constant in this zone, while experimental data indicates that 
the source strength is a linear function of x/D. Further analytical study is clearly 
required to determine the correct dynamical process. In the present model, an 
empirical correction Is applied. Another obvious omission in the present theory is 
the effect of scattering. In high velocity jets, the turbulent intensity is a significant 
fraction of the local speed of sound. Such local velocity fluctuations can produce 
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significant refraction of sound and possibly some additional aerodynamic 
attenuation . Its effect on directivity and sound power should be evaluated. 

In the present calculations/ the predicted intensity near the peak angles is some- 
times higher than the observed values. The omission of scattering effect may 
account for such a difference. 

In the remainder of this report, the theory, the numerical model, and 
discussion of results are given in separate sections. The numerical results of 
an example are given in Appendix A; the listing of the computer program is given 
in Appendix B; and the details of the Phillips theory ore given in Appendix C. 
Appendix C is in fact a reprint of a paper as published in the Journal of Fluid 
Mechanics. 
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2.0 A NUMERICAL MODEL FOR JET NOISE EMISSION 


2. 1 Solutions to the Phillips convected equation. 

The Phillips theory deals with noise emission from turbulence in a parallel shear 
layer, in which refraction, convection, and other first order aero-acoustic inter- 
actions are taken into account. As the general Phillips convected wave equation is 
restricted to a plane parallel shear layer, it can be reduced to an ordinary differential 
equation by means of Fourier transformation over the homogeneous coordinates. The 
ordinary differential equation can then be solved by means of the WKBJ method. For 
a small volume of turbulence, its far-field noise radiation can be obtained in closed 
form, as described in Appendix C. Noise radiation in different directions is governed 
by three different solutions: 


$ (y) = 

o o ^ 


o /o */_3/2 ^ . .4 . *4 4 
3/2 y rr v M M a q 
o c c 

2 2 

r A L, q 
1 o 


( 1 - M cos 8 ) 
c 


{A 2 + aV} / (1) 


— r l60x2 2/3 Y 2 rr 2 v 4 M 8 A?(0)a 13//3 tan 8 13/3 

Vi »- O ' r ( | ) [cos 0] 3/43 

r A Lj (2 

/M\ l3/3 - , , , -8/3 

x 1(1 -M cos fir + a M cos 0} 

\ M / c c 


( 2 ) 


Vi ( z> = 


3 J2 v 2 n 3//2 / M 4 M 4 a 4 

o r. *&> 


r 2 A 2 L, q 
1 o 


m co a 

F(0) 8 


X 1(1 -M cosO) 2 + a 2 M 2 cos 2 R } 
c c 


-5/2 


(3) 


The above equations are identical to Equations (C82), (C84), and (C85)*, respectively 
in Appendix C. Equation (1) is the so called accoustical solution. It governs mainly 

* The prefix C is a designation of equation numbers in Appendix C- 
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the upstream noise radiation. The source function is the acoustic components of 
the turbulence, and the emitted sound reaches the far field without passing through 
any transition point. 

Equations (2) and (3) have hydrodynamical components of the turbulence as the 
source function for noise emission- In both of these latter cases, one transition 
point occurs between the sound source and the far field. For equation (2), the 
source volume is located in the neighborhood of a transition point. For Equation 
(3), the source volume is far behind the transition point. Equation (3) demonstrates 
very well the mechanisms of sound emission from a shear layer as described by the 
Phillips convected wave equation. The refraction in the flow regime is described 
by 



A sin 0 1 1 (1 - M c cos 0)^ - A 2 cos 2 8] 


- 1/2 


(4) 


The degenerated form of the refraction factor is represented by tan 0 in Equation 
(2). The refraction effects in the shear flow changes the direction of a ray tube, 
in the sense of geometrical acoustics, as well as its cross sectional area . For a 
given amount of energy flux in the tube, the intensity changes as the area of the 
tube changes. The factor F (b)/F(0) in Equation (3) is the aerodynamic attenuation 
factor. As the pressure fluctuations from the source finds its way through the hydro- 
dynamic zone of wave propagation, the amplitude of the signal is attenuated. The 
attenuation is a function of frequency and the location of the transition point relative 
to the source location (see Eq. (C78)y.*The function F(b) represents the integrated 
attenuation over the entire spectrum. In the remaining terms of Equation (3), the 
coupled effect of refraction and convection are represented. The numerical value 
of the coupled convection factor may have significantly different value as compared 
to the Lighthili convection factor of 

C 5 = (1 -M cos 0 ) 2 + a 2 M 2 

c c 

In Equation ( 1), the coupling of refraction and convection is so strong such that 
the convection factor is reduced to a constant for all upstream directions. The 
directivity for upstream radiation is purely the result of refraction and the Doppler 
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effect. Since in Equations (l)and (2) the sound source is either near or above 
the transition point/ the pressure wave does not pass through a hydrodynamical 
zone. There is no aerodynamic attenuation for these two solutions. For equation 
(3)/ the definition of F(b)and Its argument can be given as: 


F(b) = 


,2 2 . 

e U (u ** b) du 


( 5 ) 


b - 


2/2 M W (y, 0 ) cos 0 

. 2 w 2 2 1/2 


/p. |(1-M cos0)^ + a^M^cos^Bj* 




1 for self noise 

2 for shear noise 


where W (y, 0) is a function related to the WKBJ transformation: 

/ (0-McosO) 2 ) 1/2 

W (y/0) = 1 | " cos^e} dy 


(6) 


V) 


In the above equation/ y c denotes the location of the transition point for a given 
direction 0 . It can be noted from Eq. (5) that the value of F(b) is purely numerical . 
All the aero-acoustic parameters are related to this function through the definition 
of b. The integral in Eq. (5) can be evaluated easily by numerical means. The 
graphical representation of F (b) is given in Figure 1 . Equation (7) indicates that 
the value of W(y, 0) depends only on the mean flow properties of the shear layer. 

In the present numerical model/ the velocity profile of the shear flow is assumed 
to be a Gaussian function: 


U(y) = U 


max 



( 8 ) 


The temperature and density variation in the shear layer is represented via the 
local speed of sound ratio: A = c/c Q . The profile of A is assumed to be a straight 
line: 
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( 9 ) 


a (y) = i + y (a^x “ !) for >^ 1; 

A (y) = 1 for y > 1 . 

Hence, the input parameters for the mean flow of a given turbulent shear layer will 
be A max andM max = U max / c o' 

The sound field as produced by a small volume of turbulence may be divided 
into a maximum of four zones. The dividing angles are: 

cos 0. = 1/ (M - A), 0=0 if (M -A) < 1, (10) 

lei c 

cos 0^ = l/(M c + A), (11) 

cos 9 0 = 1/ (M ~A), 0 = tt if (M - A) — -1. (12) 

o c 0 c 

In each zone, the solution to the convected wave equation is different. The 
proper solution in each zone is given in the following table: 


TABLE 1. ZONES AND SOLUTIONS 


Zone 

Angular Limits 

Type of Solution 

Equation 

1 

0 - Bj 

S2 

1 (C82) 

2 

V 9 2 

Sib 

3 (C85) 

3 


SO 

1 (C82) 

4 

0 3 - 180° 

Sib 

3 (C85) 


Zone 1 exists only if the convection Mach number is very large such that 

M - A > 1.0, while zone 4 exists only for low convection velocities where 
c 

A - M c > 1 *0. In the neighborhood of the dividing angles, the solution is governed 
by either Equation (C83) or (C84). Analytically, these solutions are brought into 
effect because the source is located in the neighborhood of a transition point. 
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Equation (C83) is applicable under two conditions: either the radiation frequency 
is very low, or the velocity gradient vanishes at the transition point. The first 
condition is academic because the WKBJ transformation is not applicable at low 
frequencies. For a Gaussian velocity profile, the second condition is met only 
at the centerline of the profile. In this case. Equations (C83)and (C84) are quite 
similar. The velocity gradient 0 in Eq. (C84) is substituted by the curvature of 
the velocity profile o' in Eq. (C83). It should be noted that the sound intensity 
depends only on fractional powers of these quantities. In addition, Eq. (C83 ) takes 
over only if the velocity gradient goes to zero. For a Gaussian velocity profile, 
the magnitude of Cl and Cl is approximately the same. Over a large portion of 
the profile, the non-dimensional value of Cl is approximately 1.0. The exponential 
indices of the convection factor in these equations are different by only a very 
small fraction. Hence, the sound radiation near a dividing angle and at the center 
of the profile is represented by using only Eq. (C84). As a further simplification, 
the value of Cl is set identically to 1 .0 throughout the thickness of the shear layer. 
The error introduced by these approximations should be very small • The solution in 
Zone 1 is classified under S2 because the radiated sound wave passes through two 
transition points in the shear layer before it reaches the far field. Locally, the 
sound source is the acoustic component of the turbulence, the asymptotic formula 
for S 2 emission under such conditions is identical to (C82) except for an attenuation 
factor. This is because the pressure wave will be attenuated heavily in the 
elliptic zone between the two transition points. In the numerical calculation, 
the factor F(b)/F(0) will be taken into account for Zone 1 . 

The small -volume assumption stipulates that the change of wavenumber and 
convection velocity through the turbulent volume is small . Such conditions are 
not met in mean flows with convection Mach numbers greater than 3.0. Equation 
(2) can be taken as an example. In this solution, the source function is assumed 
to be in the neighborhood of a transition point. At the transition point, the wave- 
number vector is actually parallel to the shear layer, which is described mathe- 
matically in Equation (2). However, before the pressure wave left the turbulence 
volume, the effect of local convection would have changed the wavenumber vector 
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fro a di recfri on of more frhan 60 degrees away from the plane of the shear layer. 

Asa result, the sound intensity is over-estimated. Asa simple approximation, the 
mean value of the wavenumber vector should be used in Equation (2). Adequate 
numerical modification in the computer program has been made to correct for this 
discrepancy . Similar adjustments are also necessary for Equations (1) and. (3). In 
the neighborhood of the dividing angles. Equations (1) and (3) become singular be- 
cause q approaches zero. The governing solution in such regions is Equation (2). 
In the present program, the domain of application of Equation (2) is defined as 
within 2.45 degrees on either side of the dividing angles. Numerical calculations 
have shown that the three solutions join smoothly with this definition of domain if 
the convection Mach number is between 0.8 and 10. For convection Mach numbers 
smaller than 0.8/ the domain of Equation (2) spans over a wider angle. An 
empirical domain greater than + 2.45 degree should be defined. 


2.2 The turbulence structure. 

The solutions (C82) to (C85)are obtained from the general solutions of the 
Phillips equation by assuming a Gaussian turbulence structure. The Gaussian 
structure is defined by two constants: the spatial scale and the time scale. In 
most cases, the time scale is defined indirectly through a nondimensional scale 
ratio a. In the present work, the turbulence is defined as follows: 

(kL 1 ) 2 6. j -L 2 1 k i k j 

03) 

X exp { (kL p 2 + (u)L t ) 2 

This is indeed one of the simplest form of an incompressible, isotropic 
turbulence which satisfies only the kinematical compatibility condition. The 
analytical form of Equations (C82) to (C85) is common to all the turbulence 
source functions in the form as given below: 


v.v, (k , id ) = 
1 J ~ 


2,3, 
v L. L 
o 1 t 

2 

32n 
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— (k,w) = V 2 l(kL.) 2 6.. - L 2 k.k.} F{(kL ) 2 + K J 2 } (14) 

This is a broad class of function which includes most of the empirical formulae 
as used for describing turbulence structure of isotropic turbulence as well as wall 
turbulence. If any function in the form of Equation (14), other than the Gaussian 
function, is chosen as the source function, the only changes in Equations (C82) to 
(C85) will be the numerical constants and the definition of F(b). If should be noted 
that the Gaussian spectrum drops off very rapidly beyond the peak of the spectrum. 
Therefore, if is difficult to use the Gaussian model for narrow band noise prediction. 
Equation (14) would allow much greater freedom in the choice of the spectral 
distribution of the source function. 

Calculations have shown that the structure of turbulence has great influence 
on the quality and quantity of sound radiation, if the turbulence intensity remains 
fixed. Sound power, directivity, and frequency characteristics of jet noise radiation 
can be related to L^/ L^, and a through formulae as given previously in this 
chapter . 

In the range of M. < 2.0, the sound power production is strongly influenced 
by the factor a. From equations (1) to (3), it can be seen clearly that the farfield 

4 

noise I nfensify is proportional to a . For greater convection Mach numbers, the 
convection factor in these formulae provides an a factor in the same formulae. 
Hence, the dependence of sound power on a, diminishes rapidly in the very high con- 
vection Mach numbers range. The self noise intensity is inversely proportional to 
the spatial scale length. However, this is not an important factor for overall sound 
power because the shear noise would increase in direct proportion to • 

The directivity of sound emission in the downstream direction is heavily 
influenced by refraction and aero-acoustic attenuation. While the refraction 
effect is fixed for given mean flow conditions, the aero-acoustic attenuation is 
determined by both the mean flow and the characteristic frequency of the turbulence. 
According to Figure 1 , the logarithmic value of F(b) is almost a linear function of 
its argument b. According to Equation (6), the value of b is inversely proportional 
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to the temporal scale of the turbulence L^. The aerodynamic attenuation is the largest 
near the axis of the jet. A small change of may change the sound intensity by 
several decibel . 

The dependence of far field sound frequency on the turbulence structure is 
rather interesting. In the lower convection Mach number range of Mj < 0.6/ the 
sound frequency is determined by Lj. and the Doppler effect. However/ the 
radiated sound frequency is determined entirely by the spatial scale L] for super- 
sonic convection Mach numbers. This phenomenon can be described physically in 
the contest of the Phillips theory. In the low convection Mach number range/ the 
limiting case of a turbulent sound source is one that remains almost stationary in 
space. It is then obvious that the sound source must oscillate in time In order to 
radiate sound. Therefore, the sound frequency will be governed by the temporal 
scale of the turbulence. The Doppler shift will further modify the radiated sound 
frequency. In the supersonic convection regime, the picture is quite different. 

The principal source of sound is the nearly frozen components of the turbulence. In 
the Phillips description of sound propagation, the far field sound is related to the 
turbulence such that the wavenumber in the turbulence should be the same as the 
projection of the sound wavenumber vector on the plane of the shear layer. There- 
fore, it is the spatial distribution of the source function that dictates the frequency 
of sound emission • In the next section, the analytical derivation of the above 
results will be discussed. 

If is difficult to determine the turbulence intensity in a rocket exhaust flow. 

For low speed jets, it was found (Reference 1) that the turbulent intensify Is in 
the order of 0.16. For the present study, however, a systematic method is 
needed for defining the turbulence intensity at all stations of the rocket exhaust 
flow. In the absence of available experimental data, the turbulence intensity for the 
rocket exhaust flow will be inferred indirectly. 
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A method for calculating the free mixing of two dissimilar gases is given by 
Donaldson and Gray in Reference 2 . The key parameter which governs the , 

mixing process is a mixing parameter as defined after the Prandtl mixing length 
hypothesis: 


K 


p u V 


“ P Ub (au/Sy) 


(15) 


As a result of extensive numerical experiment by Donaldson and Gray using their 
theory, it was found that the mixing parameter is a universal function of the true 
Mach number at the half velocity point of the velocity profile. This Mach number 
is designated in Reference 2 as M^. The dependence of K on M 5 is given in 
Figure 2 . From this figure, one can observe that the value of K varies from 
0.0475 in the low M^ range, to approximately 0 -01 for M^ in the neighborhood 
of 2.0. According to the definition of K as given in Equation (15), the value of 
the mixing parameter is proportional to the mean square vaiue of the turbulence 
intensity of 0. 160 in low speed jets . 

In the computer program, the value of turbulence intensity is fixed at 0.16 
for the calculation of sound emission from an individual slice of jet. Since the 
Donaldson and Gray results of jet mixing for rocket exhaust flows are available, 
(Reference 2), the adjustment to the turbulence intensity will be given to the 
numerical model via an input parameter. Details of this input parameter will be 
discussed in Section 2*4. 

2.3 The peak frequency and the band number. 

The narrow band solutions for a Gaussian source function is given by Equations 
(C70), (C73), (C75), and (C78). In these equations, the frequency is non- 
dimensional, and it is related to the Strouhal number via: 

St* = w/2rr (16) 
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The asterisk signifies that this Strouhal number is defined in reference to the 
local convection velocity and length scale. In a rocket noise calculation which 
includes many slices of the exhaust flow, it is necessary to refer all calculated 
values of frequency to the standard Strouhal number in which the exit diameter 
and velocity are the references. Therefore, 

U D 

St = St* -jjj- = s f St* (17) 

j 

where s^. is called the frequency scale factor . This is given as an input 
parameter to the computer program for each slice of the jet. 

Each volume of turbulence produces a broad band radiation of noise in the 
far field. The shape of the spectrum is dependent upon the assumed function of 
the turbulence structure. For the Gaussian structure, the peak frequency for 
radiated noise in a given direction can be obtained from the narrow band solutions. 
General formulae have been obtained for both the shear noise and the seif noise: 


(Shear noise) 


(Self noise) 


where 



(SI) 

(SO) 


a 2 « ^ {( 1 - M cos 0) 2 + a 2 M 2 cos 2 0 } L 2 
ole c ’ t 

a 2 = - (1 - M cos 6 ) 2 (a 2 M 2 + A 2 ) I? 

8 c c t 

d = MW (y, 0) cos fi 


08) 


0 ?) 


( 20 ) 


(21) 


It can be seen from the above formulae that the attenuation factor plays an 
important role in the determination of peak frequency aiong directions close to 
the jet axis. In some experimental studies, it has been observed that the 
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characteristic frequency for noise radiation near the jet axis is significantly 
lower than predictions according to the convective effect. In Reference 5 , 

♦ * 4 I 

this is called the reversed Doppler shift. Two mechanisms in the Phillips theory 
may be taken toexplain this effect. The aero-acoustic attenuation for shear 
noise is much smaller than for self noise at small values of 9 . As a result, the 
spectrum is dominated by the shear noise. Since the shear noise has a lower peak 
frequency, the observed spectrum has a trend which runs against the Doppler shift 
effect. The second reason is perhaps the more important one. The aero- 
dynamic attenuation coefficient in directions close to the jet axis is very large. 
Since the attenuation, in decibels, is directly proportional to frequency, the 
higher frequency part of the radiated noise spectrum will be heavily attenuated. 

As a consequence, the peak frequency of the radiated noise spectrum will be 
shifted to a much lower frequency. 

It Is also evident from the above formulae that the ratio of the peak frequencies 
of self noise and shear noise is not a constant. According to calculations obtained 
so far, the ratio is generally within one or two one-third-octaves. The above 
formulae are also sufficient to prove that L^ dominates the radiated sound frequency 
in the low Mach number range, and the Li dominates the frequency characteristics 
in the high Mach number range. For all practical purposes of the present discussion, 
the peak Strouha! number as given by Equations ( 18) and ( 19) can be taken as 
|a/ a, where |i is different from self noise and shear noise. For small Mach 
numbers, the value of a is proportional toL^.. For downstream radiations at 
large convection Mach numbers, however, the value of a is proportional to 
CtM c Lj.. According to the definition of a, the latter quantity is identical to MLj. 
Since M is a constant, the peak frequency is determined by Li . It is interesting 
to note that this phenomenon is not unique for the Phillips theory. Identical con- 
clusions can be derived from the Lighthill theory. 

In the output of the computation, the frequency is represented in terms of 
band numbers. It is defined as: 

N = Integer |3 log (id/0.002tt) / log 2 + 0 .5^- (22) 
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Table 2: Band Humber H, and the Corresponding Center 

Strouhal Number. 


N 

Center St. 

N 

Center St. 

0 

0.00100 

30 

1.02400 

1 

0.00126 

31 

1.29016 

2 

0.00159 

32 

1.62550 

3 

0.00200 

33 

2.04800 

4 

0.00252 

34 

2.58032 

5 

0.00317 

35 

3.25100 

6 

0.00400 

36 

4.09600 

7 

0.00504 



8 

0.00635 



9 

0.00800 



10 

4 

0.01008 



11 

0.01270 



12 

0.01600 



13 

0.02016 



14 

0.02540 



15 

0.03200 



16 

0.04032 



17 

0.05080 

-1 

0.0007937 

18 

0.06400 

-2 

0.0006300 

19 

0.08063 

-3 

0.0005000 



-4 

0.0003969 



-5 

0.0003150 

20 

0.10159 

-6 

0.0002500 

21 

0.12800 

-7 

0.0001984 

22 

0.16127 

-8 

0.0001575 

23 

0.20319 

-9 

0.0001250 

24 

0.25600 



25 

0.32254 



26 

0.40637 



27 

0.51200 



28 

0.64508 



29 

0.81275 
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Each number represents a one-third-octave band. The center frequency for 
band 0/ 10/ and 20 are St = 0.001, 0.01, and 0.1/ respectively. A complete 
list of center frequencies are given in Table 2 . There are some advantages 
of using this system. First, the output is compact and easy to comprehend. 

Second, the band number is an integer, and it can be used as an index for the 
construction of an overall noise spectrum. Noise radiation of the same frequency 
from different slices and segments of the jet can be easily located via the band 
number, and summed. Third, the calculated peak frequency cannot be con- 
sidered as accurate because the definition of the turbulence structure is empirical . 

It is perhaps more realistic to represent the peak frequencies in terms of one-third 
octave bands rather than their calculated numerical values. 

2-4 The calculation of sound intensity and sound power. 

Equations (1) through (3) give the mean square sound pressure in nondimensional 
form. For practical applications, it is more convenient to compute sound intensity 
in common engineering terms. In metric system, the sound pressure is commonly given 
in decibel levels with a reference root mean square pressure of 2 x 10~^N/m^. 

The sound pressure level is defined as (SPL): 

SPL ~ 20 log iq (p'/p 0 ). ( 23 ) 

In Equations (1) through (3), the atmospheric pressure is chosen as the 
reference. Hence, the dimensional sound pressure level is related to the non- 
dimensional one through the following formula: 

SPL = 10 log io (n¥T*) + 193.6 dB. (24) 

In the present calculation, sound radiation from a unit slice of jet is computed. 

The radius of the slice is assumed to be L, and the length of the circular slice is 

3 

also L. Hence, the total volume of such a unit slice is ttL . The sound intensity 
at a given angle is calculated at a radial distance of r = 100 L. In the present 
program, each slice of jet is further subdivided into nine annular segments of 
equal width. The sound emission from each segment is calculated in 26 directions: 
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from 5 fo 90 degrees at 5 degree intervals; and from 90 to 170 degrees at 10 
degree intervals); 'The total noise radiation from the slice is the sum of these 
nine segments. After the calculation of intensity, the total sound power is 
computed by integrating the sound intensity over a sphere with a radius of 100L. 

It should be noted that L is the local dimension of the shear layer. For 
jet noise calculations, it is necessary to take the diameter of the nozzle exit 
as the reference dimension. Furthermore, the sound pressure level should be 
calculated for a convenient distance such as r ~ 100D instead of 100L. Also, 
the unit length of a slice of jet should be defined as D. Hence, it is necessary 
to adjust the computed nondimensional SPL by means of a numerical factor. 
Assuming that 

L » eD, 

the following relation can be obtained from the previous equations: 


(SPL) d = (SPL) l + 10 iog 10 (e 2 ) . 


(25) 


The power correction factor is given to the computer program as an input. It 
contains three components: the scale correction, the correction for turbulence 

intensity, and an empirical correction factor. That Is 


P = e 2 (v /0.I60) 4 P , 
w o em 


(26) 


where the empirical factor is given as P 


em 


The computer output for the present calculation is set up in such a way as 
to reduce congestion over the printed page. In order to obtain the actual 
calculated SPL at 100D, 60 dB should be added to the output value. For the 
total sound power for a segment or for the entire slice, if is assumed that the 
diameter of the jet nozzle exit is 1 .0 meter. In this case, the output value 
of PWL should be increased by 100 dB in order to obtain the actual sound power. 
The main reason for doing this is that the results can be printed with two digits 
before the decimal point instead of three, thus a wider blank space is available 
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between numbers to facilitate easy reading. 


2.5 The layout of the computer program . 

The present computer program is organized into two parts. The first part is 
the WKBJ transformation/ and the second part is for the calculation of far field 
noise. In the general solutions to the convected wave equation, the WKBJ 
coordinates are carried implicitly. However, the closed form solutions for noise 
emission from small volumes of turbulence depend only on ordinary coordinates. 
The only factor which is related to the WKBJ transformation is the aero-acoustic 
attenuation factor in Equation (3), Ffc)/F(o). The value of b is 


2 -y/2 MW (y, 6) cos B 

■J ] I | (1-M c cos0)^+ cos 8^ | 


where W (y, 0 )is defined by Equation (7). The calculation for part one is 

therefore relatively easy, as the only quantities to be computed are the 

location of y and the integral W(y, 0). This part of the computation depends 

only on the mean flow properties. Since both the velocity and the speed of 

sound profiles are assumed, the only input parameters are the values of M and 

c 

A at the centerline of the profile. For each given angle of far field noise 
emission, the transition point can be defined by the following formula: 


M (y) + A (y) - ■ ■ ■ - / 97 

c o o cos 0 t (27 

In the computer program, the search for y Q is performed by numerical iteration. 
The velocity profile is represented by 200 points from y = 0 to 1 .0 and 20 points 
from y = I .0 to 2.0. Such a subdivision is compatible with the angular sub- 
division as chosen in the present program. The results of this part of calculation 
is directly available for the noise calculation. In the present program, the 
option of data card output of values of W (y, 0) is also available. Since the 
WKBJ transformation depends only on the mean flow properties, it is not 
necessary to repeat the first part of the calculation if changes are made only 
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in the procedures of noise calculation, variations in source distribution, or 
turbulence structure. Hence, the data of W (y, 9) can be used with the second 
part of the present program, or any other modified program based on the general 
solutions of the Phillips theory. 

In previous sections, the calculations of noise have been discussed in detail . 

In general, the computations are set up for the prediction of the far field noise 
radiated from a unit slice from a circular jet. The slice is subdivided into nine 
concentric annular segments with identical width in the radial direction. In 
each segment, the mean convection Mach number and the speed of sound ratio 
is represented by a single value. Based on experimental indications, the 
temporal and spatial scales of turbulence are assumed to be constant throughout 
the entire slice. In the computer output, noise radiation from each segment are 
given at 26 angles from 5 to 170 degrees. The first number is the sound pressure 
level, and the second number in the parenthesis is the band number which 
indicates the peak frequency of the Gaussian spectrum. At the end of each 
column, the total sound power from each slice is provided in decibels referring to 
10 ^watt. The self noise and shear noise are printed on separate pages. The 
sum of the two are given on a page following the self and the shear noise output. 
It should be noted that the amplitude ratio of the self noise and the shear noise 
is assumed to be one. 

The calculations are normalized according to the radius of the slice. If the 
sound pressure level is measured at 100 radii away from the center of the slice, 
the actual SPL is the value of SPIL as shown in the computer output plus 60 db. 

If the radius of the slice is assumed to be 1 meter, the actual sound power level 
should be the printed value plus 100 db. If the diameter of the slice is different 
from the standard dimension, appropriate adjustments for frequency, SPL, and 
PWL can be given to the program via the scale factors s^. and as defined as 
Eqs . (17) and (26), respectively. 

Noise intensity according to Equation (2) is computed for a number of angles 
in the neighborhood of The SPL is computed at five angles above and 
below the rounded off value of a *' two degree intervals. The result is 
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printed on the same page as the seif noise. 

In this program, two types of turbulence intensity profiles are assumed: 


M-0.16 

(28) 

W-0.I6 e 0 ' 707 * 2 

(29) 


Equation (27) indicates that the maximum turbulence intensity is located at 
y = 0.5. This profile is suitable for uses in the mixing region of the jet. The 
maximum turbulence intensity in Equation (28) is located at y = 0. Therefore, 
the latter case is applicable for the developed region of the exhaust flow. 

These two types of profiles are identified in the program via an input index. 

The definition of variables in the computer program, and the arrangement of 
the input data will be given in Appendix B . 
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3.0 AN EXAMPLE AND DISCUSSION OF RESULT 
3.1 The general trends of the computed results . 

As discussions in the previous section have shown, the solution to the con- 
vected wave equation has a very complicated form. It is rather difficult to 
draw quantitative conclusions from Eqs. ( 1) through (3) by means of an order 
of magnitude analysis alone. After the construction of the present computer 
program, it becomes practical to evaluate accurately the dependence of sound 
emission on various mean flow and turbulence parameters. 

Extensive calculation for noise radiation from a unit slice of jet has been 

undertaken. It appears that a single slice of jet just beyond the end of the 

mixing region can be highly representative of the overall jet noise radiation. 

In the mixing region, the turbulence intensity and convection Mach number can 

both be assumed constant. If the turbulence function is assumed to be Gaussian, 

the spatial scale of turbulence and the scale ratio a will be sufficient to specify 

the source function. Since the value of L-| can be assumed to be a linear 

function of x/D and the value of a can be assumed constant in this region, the 

noise emission characteristics in this entire zone are numerically similar. In 

the transition region beyond the selected slice of jet, experimental evidences 

seem to indicate that both the mean flow and the turbulence are changing very 

slowly. It can be expected that the sound radiation characteristics can also 

be slow varying in this region. In a subsonic jet, the sound power per unit length 

is approximately constant from the nozzle exit to 10D. Beyond 10D, the sound 

-7 

power per unit length diminishes at a rate close to x . In a supersonic jet, 

experimental evidences indicates that the noise emission strength is following a 
-7 

x law from the jet exit to the end of the sonic core. In the subsequent 
subsonic region, the x law holds. According to such source strength 
distribution, the calculated sound emission from the above chosen slice of jet may 
be typical of 50 to 70 percent of the overall sound power from the entire jet. 

The total sound power as a function of Mj is shown in Fig • 3 • In this 

set of computation, the values of Ct and A are assumed to be constants. The 
spatial scale of the turbulence is constant in the subsonic range, while it is 
proportional to the convection Mach number in the supersonic range. That is: 
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a = 

0.55 


A = 

1.00 


L 1 

0.72 

M.< 1, 

h - 

0.72 M., 

M.> 1. 

J 

J 


g 

The U law for sound power dependence is precisely observed for M. less 
O -I 

than 2.0. The U J law is established for convection Mach numbers of greater 

than 3.5. A smooth transition exists between the U® and the regions. By 

comparing the current result with the LIghthill theory, it is interesting to note 

that the approach to law in the supersonic region is much slower for the 

Phillips solution. One of the reasons may be the coupled effect of refraction 

and convection. The influence of the convection factor is significantly 

weakened by the coupled effect of refraction and convection. 

8 3 

The apparent success in reproducing the U and tie U laws in the present 
theory is unfortunately compounded with a failure in the prediction of absolute 
sound power. The appropriate Lighthill parameter for jet noise prediction is 
given by: 


W * T1 p U 8 /cq 
T 1 = 3x 10" 5 


(30) 


The current prediction according to Eqs. ( 1) through (3) produces a coefficient 
which is approximately 15 db too high. This puzzling factor can be compared 
with a previous study by Pao and Lowson, (Reference 6 ). The value of a. 
in Reference 6 was chosen to be a 85 0.167 . This value is based on the 
direct measurements in a low speed round jet, (Reference 1 ). Since the 

sound power of low speed jets depends on the in both the Lighthill and the 
Phillips theory, an increase in the value of a will change the value of t) . By 
substituting a = 0.55 into the results of Reference 6 , the value of Tj 
would have increased by approximately 22 dB. In the Phillips solution, sound 
is attenuated as it passes through the shear flow. An overall increase in sound 
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power in the order of 15 dB can be expected. In the high speed range, how- 

— C 

ever, the convection factor contains a component of a , which compensates 
for the direct influence of (X^. The dependence of sound power on a is small . 
Other variables such as the density of the jet and the spatial scale of turbulence 
will have more direct influence on sound power in the supersonic range. In the 
present computed results, the overall sound power is arbitrarily adjusted by 
15 dB. 

The computed self noise and shear noise have different directivity patterns 
in the downstream direction. In the classical analysis, the shear noise has an 
apparent dipole pattern with the axis of the loops in the direction of the flow. 

In the present solution, the aerodynamic attenuation factor is different 
for self and shear noise. A typical example is given in Figure 4 . In the 
directions close to the axis of the jet,shear noise clearly dominates the noise 
output. This may be one of the important factors for the observed behavior 
of jet noise in the downstream direction such that the frequency is much lower 
than its expected value if both self noise and shear noise are important in this 
region . 

The Phillips solution predicts the peak angle of noise radiation to be in the 
neighborhood of 40 to 70 degrees from the flow direction. In the classical 
calculations, the basic Lighthill solution indicates that the maximum noise 
radiation occurs at the axis of the jet for M c < 1 .0. Hence, it Is necessary 
to provide independent refraction corrections to account for the "dip" near the 
axis of the jet. In the Phillips solution, there are two factors which contribute 
to the decrease in sound intensity near the axis. The first one is the refraction 
factor q^/ q Q ; and the second one is the aerodynamical attenuation factor 
F(b)/F(0). Calculati ons have shown that the latter factor is as important as 
than the first one . 

The prediction of directivity in upstream directions is drastically different 
from previous theoretical results. The coupling of refraction and convection 
has reduced the convection factor to a constant in Equation (1). In the Phillips 
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solution, the directional pattern is determined entirely by refraction and 
Doppler shift. The directional factor, designated as D(0 ) for convenience, 
can be given as 


D (9 ) 


A sin 6 

(1-M c cos0) 2 -A 2 cos 2 fi 1/2 


A 

( 1 -M c cos 0) 


For convection Mach numbers in the transonic and supersonic range, the above 

*“2 

factor behaves as { 1 - M c cos 0) z sin 0 . Thi s factor should compare favorably 

with observations where the upstream directivity is thought to behave as 
-3 

(1 - M c cos S) . In the high convection Mach number regime, such as rocket 
noise radiation, the Phillips solution provides directional patterns which agree 
very well with experimental measurements. 

For noise emission calculations throughout the transonic and low supersonic 
range, the peak frequency of noise radiation remains In the neighborhood of 
St = 0.25. As discussed in the previous section, the mechanism which governs 
the frequency undergoes a change from the time scale to the spatial scale of the 
turbulence. In the high supersonic range, the frequency is determined by the 
convection velocity and the spatial scale of the turbulence. The calculations 
have shown that it is necessary to assume that the scale should increase linearly 
with the convection Mach number. 

3.2 The input parameters for the F-1 rocket engine noise prediction. 

The basic computer program for noise prediction from a single slice of jet can 
be effectively used for noise prediction for an entire rocket exhaust flow. In 
the present report, the F-1 engine is chosen as an example. It is necessary to 
provide both the mean flow and turbulence parameters at selected stations along 
the flow. 

It is assumed here that the exhaust flow is expanded in the atmosphere at sea 
level condition, and surface impingement is not considered. The mixing 
properties of the flow is calculated according to the mixing model as given by 
Donaldson and Gray (Reference 2). Results of such a calculation were reported 
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previously in Reference 3. The convection Mach number M c , and the speed 
of sound ratio A, along the centerline are given in Figure 5 . The geometry of 
the exhaust flow and the boundaries of the core/ the supersonic region, and the 
region of M c 1 are shown in Figure 6 . In the present case, the boundary of the 
flow is defined as twice the radial coordinate of the half velocity point for the 
portion of flow beyond the core. In the core region, the jet boundary is the 
coordinate of the half velocity point plus the distance from this point to the 
boundary of the core. Generally, the exhaust flow is bounded within a cone with 
a half angle of 10 degrees. Thirteen stations from x/D ~ 5 to 100 are chosen 
as representative locations for the noise calculations. At x/D = 100, the 
convection Mach number at the centerline of the flow is slightly below 0.5. 
According to the limitations of the present theory, noise prediction for M c < 0.6 
will be relatively inaccurate. Therefore, noise prediction for x/D greater than 
100 will not be attempted. 

The structure of the turbulence can be defined by the spatial scale L-j and the 
scale ratio a . Since experimental results of turbulence structure in a supersonic 
jet is lacking, it is necessary to make simple assumptions concerning the values 
of these two quantities. 

The spatial integral scale of turbulence as chosen in the present analytical 
model is different from previous definition adopted in Reference 6. In the present 
case, L-| is related to the experimental integral scale via: 




2 

/n 


00 

l 


R (x) dx 


Therefore, the proper range of L-j should be 0.4 to 0.9 for low speed subsonic 
jets. The value of for this numerical example is chosen as follows: 


L. = 0.72 forM < 1; 

1 c — 

L, = 0.72 M forM > I. 

1 c c 

Although these conditions are empirical, the second formula appears to be 
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necessary for the correct prediction of rocket noise frequency. The values of the 
turbulence parameters are given in Table 3 and 4. It can be seen from this table that 
the value of Lj can be six times the local thickness of the mixing layer, which is 
indeed a substantial correlation length. 

The input value of Ot requires some explanation. In the computer program, 
the input value of a o is modified through a formula: 

a =a A°* 75 /(o + bA) U75 (33) 

mod o 

The modified value of the seal e ratio is used in the noise calculation. For some 
analysis in the transonic and low supersonic velocity range, it was found that 
the above formula, with a constant value of a, can automatically duplicate 
the trends of sound power as a function of jet density as reported by Hoch et al . 
(Reference 7). However, the rocket flow velocity is far beyond this speed range. 

In the present calculation, the above formula is by-passed by assuming a variable 
value for a, 0 such that the modified value cx moc | is the desired value to be used 
in the computation. Both the assumed value of & 0 and tt moc j are shown in Table 3 . 

In order to place the noise calculation for individual slices upon the same 
reference unit, it is necessary to supply as input parameters a frequency scale 
and a sound power adjustment factor. The frequency scale is defined by Eq. (17). 
The power adjustment contains three factors: the geometrical factor, the 
adjustment for the turbulence intensity, and an arbitrary factor. The detailed 
break-down of the power adjustment factor ?s given in Table 4. The basis for 
the arbitrary power adjustment will be discussed in the next section. 

3 .3 Discussion of results. 

The computed results are given in Appendix A. The computed output for each 
slice contains a table for the WKBJ transformation function, the far field SPL 
and Strouhal number band for self and shear noise, and a table for the sum of 
self and shear noise. Since both the mean flow and the turbulence are given 
In terms of simple mathematical models. It is advantageous to have the output in 
its present form such that one can keep track of the contribution to noise from 
various parts of the jet. Any irregularity in the computation can also be detected. 
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Table 3i Run Parameters for F-l Engine Noise 


X/D 

A 

max 

M max 

“o 

a (mod) 

L/D 

L i 

SF 

10 l Ogi0 Pw 

5 

2.4 

8.6 

ns 


0.30 

6.15 

3.370 

-21.26 

10 

2.4 

8.6 

Bsi 


0.60 

6.15 

1.685 

-18.26 

20 

2.4 

8.6 

1.75 

0.729 

1.20 

6.15 

0.843 

-15.26 

25 

2.5 

7.0 

1.75 

0.701 

1.50 

5.00 

0.500 

-12.24 

30 

2.6 

5.4 


0.674 

1.80 

3.85 

0.346 

- 9.41 

35 

2.6 

4.3 


0.619 

2.25 

3.08 

0.225 

- 7.04 

40 

2.5 

3.25 

1.60 

0.652 

2.72 

2.30 

0.141 

- 4.72 

50 

2.1 

2.1 

1.30 

0.675 

3.81 

1.50 

0.065 

- 0.76 

60 

2.0 

1.4 

0.80 

0.553 

5.17 

1.00 

0.032 

5.04 

70 

1.85 

1.2 

0.60 

0.507 

6.68 

0.80 

0.021 

5.80 

80 

1.70 

1.0 

0.50 

0.518 

8.23 

0.80 

0.014 

6.11 

90 

1.60 

0.75 

0.40 

0.498 

9.95 

0.80 

0.010 

8.93 

100 

1.50 

0.50 

0.40 

0.529 

11.65 

0.8 

0.008 

10.626 














Table 4. The Correction Factors for Sound Power 


X/D 

Geometrical 

(v o /0.16) 4 

Empi rical 

Total (dB) 

5 

0.74 

-12.00 

-10.00 

-21.26 

10 

0.74 

-12.00 

- 7.00 

-18.26 

20 

0.74 

-12.00 

- 4.00 

-15.26 

25 

1.76 

-12.00 

- 2.00 

-12.24 

30 

2.59 

-11.00 

— 

- 9.41 

35 

3.46 

-10.50 

— 

- 7.04 

40 

4.28 

- 9.00 

— 

- 4.72 

50 

5.74 

- 2.00 

— 

- 0.76 

60 

7.04 

- 2.00 

— 

5.04 

70 

8.19 

- 1.40 

— 

5.80 

80 

9.11 

- 1.00 

— 

8.11 

90 

9.93 

- 1.00 

— 

8.93 

100 

10.63 

0.00 


10.63 


PWDB - 10 log )0 P Geo ' (Vq/0.16) 4 ' P 0m 
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In other words, the present program is designed as a too! for selecting the 
best assumptions of the mean flow and turbulence structure for direct pre- 
diction of rocket noise. 

The most encouraging result is the prediction of directivity. In Figure 
the directivity of sound emission from Segment 5 of each selected slice is shown. 

The directivity patterns are normalized with respect to the SPL at the 90 degree 
direction. If these directivity patterns are compared directly with rocket noise 
data, it can be seen that the peak to 90-degree difference in SPL is too high. How- 
ever, the boundary of the jet of the actual exhaust flow has a divergence of approxi- 
mately ten degrees. The unsteadiness of the boundary as well as the turbulent 
scattering in the flow itself will produce additional fluctuations in the sound 
radiation direction. In the current theory, the shear layer is assumed to be 
parallel to the axis of the jet. If it is assumed that the combined effect of jet 
boundary divergence and scattering provides a directional difference of 15 degrees, 
the directional patterns as given by Figure 7 should be modified. With this 
correction, the measured 90 degree direction will correspond to the 75 degree point 
in Figure 7 . As a result of this simple correction, the agreement with experimental 
data for all angles are very close (references 8, 9). It is very important to point 
out here that the agreement of directivity in the upstream directions is very 
important. The predicted values of SPL as based on the classical Lighthiil results 
will be much lower in such directions. As a result, the basic directivity curves 
for rocket noise prediction are empirical and very conservative in most of the 
methods as recommended for engineering purposes. Another important feature of 
the current noise prediction is the accurate determination of the direction of 
maximum noise intensity. For noise radiations in the high velocity sections, the 
angle of maximum radiation is between 55 to 75 degrees from the axis of the flow. 

For the low speed slices, the maximum angle is approximately 45 degrees. Such 
angular variations can not be predicted accurately in the classical methods. 

For each slice of the jet, the Strouhal number band for the maximum radiation 
intensity can be obtained from the computed output. These characteristic frequencies 
are plotted against the location of the slice along the exhaust flow Figure 8 . On 
the same figure, the measurements of apparent sound source location as a function 
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of frequency is also shown. After correcting the difference in distance between 
the actual source location and the estimated point of emergence at the boundary 
of the jet/ the agreement between the measured and the calculated sound source 
location is very close. However, both the definition of the so called sound 
source location and the comparison of results as discussed above can be misleading. 
The sound source for the emission of sound at any given frequency is widely 
distributed instead of concentrated. As the direction of emission is changed, 
the foot print of the source location is also changed. For example, the sound 
source locations for St = 0.01 (Band 10) at 45 degrees and 135 degrees are shown 
in Figure 9 . The source location for other Strouha! numbers can be obtained 

from the numerical results as given in Appendix A. It can be seen clearly that 
the sound source for ST = 0-01 at 45 degrees extends from 20D to nearly 70D. 

For sound emission at the same Strouhal number at 135 degrees, the sound source 
location extends from 10D to 50D. Since the location of sound source is very 
important for noise prediction in the geometrical near field and mid-field, these 
results of the present computation may have important engineering applications. 

The prediction of the absolute value of sound power was found to be the .most 
difficult. The power dependence on M c is adjusted arbitrarily by -15 dB 
vertically for all values of M c * This factor is writfen in the computer program as 
a constant element. From Table 4 , one can find an additional item of empirical 
adjustment of sound power for some of the slices in the mixing region. The latter 
empirical adjustment is based on experimental observations of sound source strength 
in the mixing region of a supersonic jet. In the Phillips theory, the dimensional 
analysis of sound power indicates that the sound source strength per unit length 
of the flow is a constant. However, experimental evidences indicate that the 
source strength follows an x^ law. It is easy to provide a physically convincing 
argument for the x^ law. For a small volume of turbulence convected at super- 
sonic speeds, the sound power radiation is proportional to the kinetic energy in 

o 

the turbulence, (the U J -law.) In the mixing region, the volume of the turbulent 
region increases as x^, while the turbulence intensity remains approximately con- 
stant throughout this region . Therefore, the sound power from a unit length of 
the jet should also follow x^ . Yet, this argument is hardly useful for any analytical 
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.investigation of jet and rocket noise. Further analytical work is definitely 
required on this subject. The law has been observed to hold from a short 
distance from the nozzle exit to the end of the core region with convection 
velocities greater than the ambient speed of sound. Based on this observation/ 
empirical power adjustments have been given to slices at x/D ~ 5 , 10/ 20, and 
25. 

There are several possible ways to resolve the fifteen dB over-prediction of 
sound power. 

(a) In the present model the local mean speed of the exhaust flow is 
taken as the convection velocity of the turbulence. According to 
experimental evidences, the convection speed for a volume of 
turbulence is generally lower than the local mean speed. If the 
difference is 20 per cent, the predicted sound power will be at 
least 8dB lower than the currently predicted value before any 
arbitrary correction is made. 

(b) The assumed values of a , is between 0.49 and 0.73, with the 

higher values given to slices with higher convection speeds. Lower 

values of a may change the overall sound power by two to 
mod 

four dB. 

(c) Fora Gaussian spectrum, the lower frequencies contain most of 
the turbulent kinetic energy. If the turbulence spectrum is assumed 
to decay according to a power law, part of the kinetic energy will 
be shifted from the lower frequencies to the higher frequencies. 
According to the Phillips theory, the high frequency noise radiation 
is highly attenuated. The overall noise radiation is contributed 
mainly through the energy content in the low frequency range. Hence, 
the total sound power emission from a power law spectrum should be 
somewhat lower. 

In summary, the discrepancy in sound power prediction has its origin in 
the definition of source function. Other than the major items as listed above, 
factors such as the non-isotropic nature of the turbulence, the variation of 
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Table 5: Contribution to Total Sound Power From Various Annular 

Segments in a Slice of F-l Rocket Exhaust With Unit 
Length AX = D. 
















and across the shear layer, etc., should also be examined. 

The sound source strength distribution for x/D less than TOO is shown in 
Figure 10 and Table 5 . Since empirical corrections are involved in their 
calculation, the result has little or no analytical significance. 

Since the Gaussian turbulence structure has relatively poor spectral 
characteristics, the construction of a computed spectrum is not attempted in 
the present report. However, it takes only a minor modification to the present 
program in order to include such calculations. Discussion of the procedure was 
given previously in Section 2.3. 

The present numerical example has demonstrated that the Phillips theory can 
predict correctly the quality of the sound field as produced by a rocket exhaust 
flow. If some empirical assumptions are made regarding the strength of the sound 
source, an accurate modeling of the actual sound field of rocket motors can be 
accomplished - 
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Figure 6. Exhaust plume geometry of the F~1 rocket engine. 





Figure 77. Directivity pattern for noise emission from Segment 5. 
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Figure 10. Sound power per unit length of one F-l 
Rocket engine/ Ax = D. 




APPENDIX B 


The Input Information 

The input for this computer program contains two groups of input cards. Group 
I contains two cards which carry the general information for each run. Group II 
is the data for each slice of the jet . There are one data card for the mean flow 
information, one data card for the turbulence information, and optional data 
cards for the WKBJ transformation function W (y, 0), if any. Group II data 
can be repeated as many times as necessary, depending on the number of individual 
slices. 


Group I 

Card 1: The read statement is in Subroutine INITAL. 

13A6 TITLE(13) Title for each run. The total length of the title should 

not be more than 78 characters. 


Card 2: 

The read statement is in Subroutine INITAL. 

F 10. 1 

THET 

The first computed angle of sound radiation. 
THET = 0. degree. 

F10.1 

DTHET 

Angular increments between 0 to 90 degrees. 
DTHET = 5. degrees. 

F 10 . 1 

DELY1 

Grid size for 0.0 < y < 1 .0: DELY1 = 0.005. 

F 10. 1 

DELY2 

Grid size for 1.0<y<_ 2.0: DELY2 =0.050. 

Group II 



Card 3: 

The read statement is in Subroutine RSTART . 

F10.3 

AMAX 

Maximum value of the speed of sound ratio in a slice 
of jet. 

F 1 0-3 

XMMAX 

The maximum convection Mach number in the slice. 

10X 

- - - 


15 

IPCH 

Code for the card punch output for W(y, 0). 
IPCH = 0: no punch output; 


- 1: punch card output. 



Card 4: The read statement- is in Subroutine SETUP 


15 

IRD 

Read code for the punch card output for W {y t 9). 
IRD = 0: no data; W { y, 9) is generated in the 
program . 

IRD “ 1: Read data for W (y, 0). 

15 

ICODE 

Turbulence intensity profile code: 

ICODE - 1: profile for the mixing zone; 

~ 2: profile for the developed zone. 

15 

IPRT 

IPRT ~ 0: regular computed output for noise; 

= 1: detailed output information for the noise 
computation of each segment. This option 
is for debugging only. 

5X 

— 


F10.0 

ALPHA 

The scale ratio. Recommended input value: 
0.3 < ALPHA < 0.80. 

F10.0 

XL 

The reference scale of the slice: XL ~ 1.0. 

F10.0 

XL1 

The spatial scale of turbulence: XL1 > 0.40. 

F10.0 

SF 

The frequency scale sr. 

F10.0 

PWDB 

The power adjustment factor in decibels: 
PWDB = 10log 10 (P w ). 


Optional cards for the WKBJ transformation function: The read statements are in 
Subroutine SETUP. 



ERRATA 


APPENDIX C 


1 . 

2 . 

3. 

4. 


Equation (79): the function W (y ' , A) should read W(y, 9 )• 

A multiplicative factor ofY^ should be included in the following equations: 
Eqs. (67), (68), (70), (72), (73), (75), (78), (82), (83), (84), and (85). 


The coefficient Equation (83) should read: 

21 Y 2 tt 2 v 4 M 8 Pa 2 (0) a 9//2 tan 0 

2 3 / V Lf O l/2 

The coefficient of Equation (84) should read: 


160 x 2 2//3 x Y 2 xn 2 v 4 M 8 Ai^Oja' 3 ^ 3 tan 0 
9 r 2 A 2 L 4/3 Q 1/3 


r (3/2) — 


The factor F(b) in Equation (85) should be replaced by F(b)/F(0). 
The function W(y , 0)in Equation (87) should read W (y, A). 


6 . 



APPENDIX A 

NOISE PREDICTION FOR THE F-l ROCKET ENGINE 



Table A-1a: The WKBJ integral and run parameters at x/D=5, 

Convection Mach Number = 8.6 


THETA(RAD> 

• 00 

-5+-O0 


S < 21 ) 
,24*01+01 


S(11) 

,21273*01 


•|6»o6 

1 5 • Oo 
- 20 * 00 - 
2S • Oo 

30*00 

35*00 - 




40*00 
45. Oo 

_50*-0(9 

5S«Oo 
60*00 
_65jlOq 


,24168+0? ,20648*01 

,23600+0? ,'20171+01 

. ,23-140+01 ,4 9647+01 

,22518+0? ,19046+01 

, 2 l 9o3+Ot .18458*01 

-, 2 l 177 + 0 1 ^77-6-9-*-oi- 

, 2q3o6+0? .16944+01 

,19433+0? ,16129+Cl 

, LB407+O-J * 15.L40 + 0* 

,17171+01 .14046+01 

.15601*0? , l 26 17 + O f 

, 13 7-55*0? ,.l-J-9_7.3 +_04- 


70*00 ,ll'338 + 0? .88682*00 

76.06 »8tjl95 + 0n ,6o934*o0 

B0*00 »3a6JB.7AQo ,.3320?.*0o 


5(61) 

,17645*01 

, 4.7 67 4*0?- 

, 17229*0? 
,16763*0? 

+4*255*0? 

.15677*01 

.15119*01 

+1-4-46B+01- 

,13692*01 

. l2?4l*0l 

* 1 ;>QJ4+.01- 

.1 1050*01 
.97724+00 

,8.345.9*00 . 

.65780*00 
♦43979+00 
.. i2e397..,+ Q0 


5(81 > 
.14670+01 
-.44 £ 
.14064+01 
.13610+01 
--^1 -34-24*0-1 
♦12567+01 
.12042+01 
- ,4 1432*4 
, 10709*01 
♦10027*01 
-*92502*00 — 
,83456*00 
.72325*00 
-±604.43*00- 
.46496*00 
.31564*00 
,19805+00- 


St 101 1 
♦ H807 + O* 

» 1 Y7 21+0 ? - 
,1)291+01 
.10851+0* 
-.4 0382*06 
*98547+00 
*93647+00 
-*-89006*0 g- 
*81367+00 
*752*9+00 
-.A! 
.66808+00 
iStSt9+Oo 
. 4 fe3 38+ .Q§_ 


.39777+00 

,26054+00 

,77217-04- 


5(121) 
196054+00 

(90217+00 
,85971+00 
; B 1 49 . 9 . + - 00 - 

, 76635 + 00 
,72(335 + 00 
-,-66- 9-1 2 + 00 - 
.60939+00 
.55737+00 
-+5O-I-OS-+OO- 

,43934+00 
J 36^ <*2 + 00 
,-3X0.87+00- 


♦ 261(94 + 00 
, | 6598+00 


S( 141 ) 
,79203+00 
.7761 4*0 0- 

.73507*06 
,69444+00 
.« 6S239-+0Q- 
. 6 o 6 <t 0+00 
.56621+00 

.46978+00 

.42867+08 

« 34000+00 
.30580+00 


, 17496+00 


S( 151 1 
,69644+00 
60400X06- 

,64183+00 
,60382+00 
, 5 6600*00- 
,52683+00 
,49<(o4 + 00 
L+( 

,411^9+00 
,37449+00 
,^13 2-5-8* 00- 
,20255+00 
,21722+00 


S ( 18 1 I 
,63946+00 

,58362+00 

,54378*00 

.45859+00 

,41958+00 

,32381+00 
. 27922*00 
-.23042+00- 
,17460+00 
, 10627+00 

t4A I . 4QyQ .l- 


,650fl5-01 
, 797t3“02 
_,_32 L5.9 + 00l_ 


,24060402 

,13369+00 


card Input for Umax. a? hc, theta, and w ? no 
DETAILED PRINTOUT? NO 

"aTphT “ T Lt SF ■ ™7o 

1.750 1.000 6.150 3.370 -21.266 

modified alPh* is: .7294 


Table A^Ib: The self noise intensity and frequency atx/D - 5. 
Convection Mach Number = 8.6 



CONVEC-T t ON MACH NO.* 8.60u 

SPEED or SOUND' RATIO* 2.90 

VO - CODE. 

1 



'.'self N&isE intensity toectaeLs,) with erequEncy 

' ** , i *. r * 

BAND NUMBERS 


.S x ' * ■* / > 

, 




ANGLE 
(D£G> HC 

SEGMENT 1 
8.12971 

Se-GMENT 2 
7.93880 

SEGMENT 3 
7.18332 

SEgMENT 9 
6,29988 

segment s 

5,21 A 16 

SEGMENT 6 
8 f 1 8607 

SEGMENT 7 
3*22768 

SEGIJENT 8 
2*39412. 

SEGMENT 9 
» .70193 
1 .14Q0U 

TOTAL 

A 

2.26 000" 

- 2»l2oOO — 

i • ?cu/6o 




'',C >r** 

V '** 



, 5.0 

<?5.24(tt > 

3,95(12) 

10.37(12) 

16*20(13) 

21,|6(19) 

ju.f CM lil - 

ir. 

29»2?{ l*,) 1 '"- -' 
32*69 ( 16) 

35116(18) ' 

an,79<}8) l 

31,73(19) 
34.00(19) 

37,69 

4JU33- 

TO-M3- — 

1 5 « 0 
20»0 

— “ I . 85 (-1-1-1— 
*13 ( 12> 
2*36 ( 1 2> 

wtOl.’t’t-l 

9,12<12) 

T 1,03 ( 12) 

1-3 — 

14.02(12) 
17.9| ( l j> 

2 | « 89 ( 13) 
23*72(13) 

26.80(19) 

28,66(14) 

ft 1 ; os < ts) 

52.92(15) 

39197(16) 

36)88(14) 

38*669473 

91 )53< »8) 
99iHU8) 

39,7-9.(-I-aJ 

37*07(19) 

38.67(20) 

40.071.26j 

43,48 

46,32 

.4.9,44. 

— **-*6 — 
3010 

35*0 

5 • 95 ( 12) 
7*79(121 

v 1 82 i i 2 ) 

j‘4# 56 f 1 2 > 
7 6 « 3 5 ( 13> 

21*38 ( 1 3 ) 
23*13(13) 

iSrrW+« 

27* 13( 19) 
28*83(19) 

32.63(15) 

33.72(15) 

,c.i4l 1 A 1 

;8i.3oU*T\} 

-/37*9>,(i6.)\ 

-la'.nl'i* • 

. 9o*;ioh?> 

^ 92V23UT) 
■"'99*7* ( 1? 1 *' ' 

; : ,47;43(|?> 

: ;'46l85(i9) 

" 97. )3Tl9) . 

41,32(20) 

92.55(21) 

‘ >3182(21-) 

49,87 
49,68 
5D.^88_ 

4O-.0- 

45*0 

50»0 

9 » 7-3 <-1-3-* — 

11*76(13) 

1 3 . 97 ( 11) 

1 o » — 

20.21(13) 
22.39 • 19) 

26*88 (19) 
28 « 95 ( 19) 

3 2 » 50 ( i'S) 
39*52(15) 

* 1 ..7/ I A 7 

37.39(16) 
39,S6< 16) 

i)l f f | 7 1 

91.69(17) 
93.52(17) 
ttc.it ( 141 

94*51(16) 
49«40( 19) 

_9.i.»a 4 j — 

47.72(20) 
98161(20) 
99.79(21) — 

45*10(22) 

96 « 49 ( 22 J 

48.08(23! 

52,01 

53,82 

&S-*-0 

60*0 
65 « 0 

1 9 f 1 5 ( ls> 
22*29(16) 

27.36(15) 
*6.93(16) 
* <| . 1 t 7 \ 

33.89(16) 

36*88(17) 

39*37(17) 
92*96(18) 
u < .t ;*f «9> 

99.39(18) 

97.7)1 19) 

- -»9*48)i9); : 
59(36(20) V. 
—'-.'44146-1 ?|) 

53*75(20) 

>,59,20(21) 

51,35(22) 
>3,31(23) 
54,00( 29)1- 

. 50*00(24) 
32,52(24) 

- -45146(24) 

57,79 

60,05 

75*0 

80*0 

31*11(19) 
31 . 90 ( 2 i ) 

3 9.57(l9) 
4 1. 91(21) 

96*99(26) 

97.30(22) 

1 6 . 64(20* 
58*99(23) 

99.57(21 ) 
S3 , f 9 ( 29 ) 
Cl.oCi 7 1 1 

58.80(23) 

83*79(29) 

• i.ii.f .m 

59140(2«> 

53*03(23) 

S| *91(2Q) 

99,50(24) 
51,26(22) 
49156(.2.U 

50*97(23) 
98*52(22) 
4 * » 77 ( 2 1 ) 

63,17 
62,35 
6Q._42_ 

— - 

90*0 

100*0 

— M 0 * 0 

1 20 * 0 
|3o*0 

33.97(17) 

26.31(13) 

■■■- H O ♦--» O ' * 6 -f 

mO , 33 ( 17) 
3 3.95( 13) 

99.93(17) 
38 . 53 ( 19) 

98*00 ( )8> 
9 2 .26( 19) 

99.77(18) 

99,82(151 

; *56*36<18).,. 

749180(19);' 

;94iS9(|7): 

4»1 |' 7 ( (4) - 

48,13(20) 
r 45i77( 18 ) 

' 43,82(17)..^- 

45*37(20) 
43* 10( 19) 
41.75(18) — 

57,04 

53,98 

5n t 47 

1 9 • 5 3 ( 1 (' ) 
1 7 . 25 ( 9> 

2 6,79( 10) 
2 1 . 53 ( 9) 

32 .09 t ll ) 
29.861 10) 

36*13(11) 
33,97( ID 

39.13(12) 
37.«5( 12) 

91*19(19) 
39*18(13) 
77,351 12) 

42*15(15) 

40*39(14) 

38.42( 193 

42*10(16) 

4o;50( 14) 
3B.,>lttS) 

39*61(17) 

38.07(17) 

48,90 
46, §9 

44,6.7... 

-lNOHi 

150*0 

160*0 

— 1-S-.-2-H — 9 )— 
1 3 * 2 1 ( 8) 

1 0.95 ( 8| 

?0 < 5 1 ( 8) 

Ta.25< 8) 

25.881 91 
23.631 8) 

30.05(10) 
27,82( 9) 

33*23(1 1 > 
31*01(10) 

85*98(12) ^ 
33*30(1 1), 

- >6.62(13) 

39148(131 . 

- ai iosj ( 3 ) 

-V 37^21 ( |S) 
354 1 3 ( 1 4 ) v \ 
■i- 31 (94((4) 

84*86(16) 
.32*81(16) 
’•.»*.43( IA> 

43,07 

40,94 

1 ?0»0 — 

- f ♦ tM 

‘♦O'OI ^6.99 

— 

SI. 87 

58* (9 

57. S3 

40*26 

41192 

59)22 

56*46 

67.13 




/r: -A'2 ',;bh'(63 

89,29 

83.73 

02*90 

8) .59 

*9. $8 

77,58 

74,19 

69*40 



<40, 6? 

44.55 

47.16,. 

4-BJL02 

47*71 

46*00 

43*02 

29.65 

31.82 

37.37 

3 9.46 

42.26 

44.07 

45*90 

47.44 

4 <f . 1 7 

48,30 

49.57 

5Q.9T 

40.91 
89.89 
_5o.9-7. 

48,40 
49,17 
5fi« no 

46*52 

47,09 

4J.-7-1- 

S3 * 35 
43*73 

4JU.L6 

3-4-« 40 

'■ 37.35 

' ' 39.85 

<Tf 

44,61 

i)6 .66 

48.47 

50*51 

5j.05 

5 2 .79 

52.1)6 

53.86 

54 *6 b 

. 92*12 
53*27 
5 4*77 

50,89 

51,81 

52*.6.7__ 

48,40 

49,13 

4.9-*88- 

44*64 
45*17 
45*75 

: — : 48 . 1 1 

25.40 
-99 .QO 

31.90 
•n 9 9 * 00 

43. 61 
23.59 
S99. nn 

5 0 • I I 

30*60 

- 99 .no 

53,(2 
*4 6 • 5 3 

64*41 
52*59 
?4-l2S 

53*27 
53*10 
51jJLl 

50.59 
SI i 13 



46.37 
47.01 
4.7*63 

499 . 00 

*• 99 , 00 

t99.00 

* 99.00 

- 99. 00 

20»&6 

45*10 

SO, 15 

4a* 13 


Table A-lc: The shear noise intensity and frequency at x/D = 5, 
Convection Mach Number = 8.6 

- - . . n«yE QjtPSXi 

CqNVEcTjON MACH NO*« 0.6Oo SPEED OF SOUND RAT1&- 2^0 Vo CODE- l 


SHEAR NO I SE ( NtEnS I T y < ftEC ! BELS ) WITH FREQUENCY 8 AnO NUMBERS 

angle segment • segment 2 segment 3 segment 4 segment 5 Segment 6 segment 7 segment s segment 9 total 

(OeG> HC 8,42971 7.93080 7.18332 6.24488 S*2l6l6 4,(8007 3.22748 J.39JI2 1.70193 

ft 2.26 0 &0 2 -.-l- 2 c.Oft 1-^9 « 0 OO 1-.4 4000 l-»-7oG0G t-. 56 ot )0 l-»-4-2 0 OO *-*28000 1-^4-4000 


5 »0 -IS. 32(16) 


IS.O 

2o • 0 
-25*0- 
30*0 
35*0 

-40^0 

4S . C 
5ft*0 

55*0 

40*0 

45*0 


-9.761 1 0 > 
■7 • 89 ( 1 o ) 

a a . | i,( in) 

-4.461 lc> 
"2*701 1 t > 

I ()• 
1.14(1 l > 

3 « 32 ( I 2 > 
-5~76< 124- 


8 .64 ( 1 3 > 
12*10(14) 


.6,88(10) 
.4.54 ( I 0) 
-1.321 10) 
.53< 10) 
-251-10 ) — 
3 . 92 ( 1 I ) 

5 . 6 5 ( 1 I ) 

7.48(H) 

9 , 4 2 ( 12) 

*1 1,561 |2) 
- t 3,99< (3) 
76.63(14) 
70.29(14) 


.17,16) 
---3.50(11) 
5.72(11) 
7.56 ( 1 1 ) 

— 9.-2 6 ( 1 1 ) 

t 0* ^2 ( 1 1 ) 
) 2 . 6 2 ( 12) 
1 4 » 4 3 ( 1 2 ) 
1 A.3S( T2) 
18.48(13) 
2.;..9 1 (13) 
23 . 79 ( (4) 
27.3* f | B ) 


4.55,1 1 ) 
— 9 .e9(l-l4- 
1?. I0< I 1 ) 

13*94,11 ) 

-L&.631 124- 
1 7 . 28 ( 12) 

1 B . 9 8 ( 12) 
2ft. 791 1-3) - 
22.731 13) 
24.89(14) 
27.30(14) 
3 q • 40 ( 15) 
34.25(16) 


12.57,12) 
— —1-5 .91 (12)-- 
t 8 • | 3 ( 12) 
19.97(12) 
—21.481 14) 
23.35(13) 
25.^7(13) 
26.43(141 
28.931 14) 
31.21(151 
-~33.90< 15) 
37.26(16) 
41.91(17) 


18.52(13) 
i 1 .88M 34- 
24.12(131 
#5.991 13) 
-27 . 7-5 1 1-44- 
29*48114) 
31 .30< 14) 

9 3 , 

S5.49 ( I S ) 
Se.oei 16) 

4ti 
46*621 17) 
52 ♦ A 1 1 18 ) 


25(03,14) 

?ft 1 43 ( i n ) 


30 . 73 ( IS) 
32.71(15) 

3 » fa | | j-^ )_ 


35.17(16, 

-3fl+ a _ 4 _ M _6J- 


32*73,17, 
35.951 17) 


36.54(15) 
30(65, 16) 
_9-U.064-j.6-)- 
43.94, 17) 
47.73, ,7) 
44 . B6 ( 18) 
54.25, 19) 
54*63(20) 


4i;7 0 < 14) 
44,78(16) 
49. 79< (6) 


40j2l||7) 
47,59(17) 
-9-7-1 79(1 0 ) 
48,331 18) 
49*16(19) 
-50,-24(194- 
S| ,72f 20) 
53*56(21) 


37.95(18) 

39.49(18) 

40.62(16) 


42.01(18) 
43.17119) 
44.37.1 1.9.1. 
46*57(20) 
46,89(21 ) 

50.19(22) 

52.60(22) 


52 
—54 
57,50 
59,54 


75.0 
« 0*0 
fig t Q 

9Q*0 

{oo*o 
~t~i o * O ' 
120*0 
130*0 
4 - 40 *0- 


23,551 I 7 ) 
39*801 l?> 
_3-9 

ii99)o01 16* 
7*95! 12) 
-6»-9-9-<4q->- 
3*991 9) 
1*55! 8) 
— - *- 2 -6 1 — 7 - > - 


150»O: 
1*0*0 
1 7Q * 0 


-2.111 7» 
-9.29( 6 1 
— AJt- 


32.16(17) 

*(1.91(20) 

**i?9. 00( 16) 
-}9,39 1 12) 
-(-2-.-5-9-14 04- 
70.551 9) 
8,7(J( 8) 


5.081 7) 
2.9J1 6) 

-^34-L- 64- 


-3-2-1-26 t-l 6 >- 
90.93(18) 
87.30(20) 
-50«48h-2O)- 
*99*00(1*) 
19.321 12) 
-L-7-. 80+4 0 )- 
I 5 . 95 ( 9) 

I 9. I 7 ( 8) 

6t- 


10*62( 7) 
8 . 87 ( 7) 


84 . 68 ! t 9 ) 
59*31121) 
-~& 2 . 87(191. 

*9?* 00 1 16) 
23*06113) 
— 2 I ,9 6-U-N- 
2q * 3 ! 1 10) 
18.651 9) 
__ 1.^-984-53- 
15*211 8) 
13.091 8) 


99.57(20) 

53.19122) 

- -3-9» 9 3(4-94- 


-99.00116) 

25.72(19) 

-25.- 7 - 7 - 1 1-2 ) - 


19.08(21) 

53*79(23) 


*^9»00d7) 
*7.27<lS) 
27 « 93 ( 1 34- 


59.70(22) 
53*03(21) 
-33,. 7-8 1 - 1-74- 


*99 * 00 ( I 7 ) 
27.67(16) 
28..6.&1 144- 


99.50(22) 

90,99(20) 


23.80(11) 
21.30(10) 
-20-. 79 ( 9 ) 


19,081 

16.961 


9) 

9) 


*6.93< 12) 
|5 H6< 1 1 ) 


?2* ! 3t 10* 
20*11(10) 


28,13( |3) 
27,15(^3) 
-25 . -9.3 (4 t>- 


*99 *QOf 18) 
26.79(17) 
-2A.6344-54- 


83.86(21 ) 
39. 821 20 f 
-26-.46 I | 9? 


*99,001 19> 
23.871 1 7 > 
26-. 33 ( 17.1. 


20)79(15) 
28.19^19) 
27, IBTl9) 


26.76116) 
26.891 I Sj 


29*85(12) 
22151 (if | 


25 1 88f ( 3 ) 
29.05 ( | 3 ) 


29.52(15) 

22*79(18) 


_4*2.9... 

63,02 

62.01 

■■55,05.. 

-89,96 

39,09 

-3A.J0-. 


38.98 


i(5 » 29 


99.82 


57*71 


53.98 


58.57 


60 .66 


57.98 


68.29 


65.71 


Table A-1d: The total noise intensity at x/D = 5, 


CoNVEcTjON MACH NO.* 8.60* 


Convection Mach Number = 8,6 


SPEED OF SOUND rATIO- 2*90 


Vo CODBb I 


TOTAL NOjSE JNTENSITyIoECIBELS) 

angle segment I SfGm'enT 2 SEGMENT 3 SEqMENT 9 SEGMENT 5 SEGMENT 6 IEGMENT 7 

(DEO MC 8,92’7> 7*93880 7*18332 6.29888 5121616 9,|8607 3.22788 

% 2 . 2606(1 2*4 2000 000 — 1 .88000 1-i 7 0000 hr&^OOO- - l -.- 9^O 0O 


SEGMENT 8 SEGMENT 9 

2.39112 1.70193 

J,28o00 U-l- H OOO 


TOTAL 


5*0 
40*0- 
15*0 
20*0 
-25r-*0- 
30*0 
35*0 
-90*0 
95*0 
So* 0 
55.0 


-9*89 

-*+■*45- 
• 83 
2*75 
-4*5-6- 
6*33 
8 . 1 6 
40*4’- 
12*12 
19*33 
4-6-t-7-6- 


3.09 

—7,2 2 

9.89 
11.90 
4-3-.4S — - 
19.92 
16.70 
4-8*59 . 
20.56 
22.69 
2&-*Q& 


lrj«76 

16.65 

o ft . n 1 

21.73 

it .in 

26,22 
' *9 0 i. ft 

30.67 

38118 

4| ( fll 

35.26 

38.51 

90,69 

44,19 

-- -19.15- 
16. #1 
18.30 

- 2,j.C5 
21.75 
23.50 

- -25.33. 

27.29 

29.32 

ZOfOJ 

22.28 

29.15 

— 

27.35 
29.21 
IQ ^ 9 ? 

— 

31.85 

33,72 

• S ilt 

36 ,36 
38.29 

UflTtQ 

99163 
, 97161 

9-14-8-0 

90.59 

92.11 

93*97 — 

96,72 

99,25 

- — - i 4-w-f o T 

27.56 

29.26 

11 .riA 

32.58 

39.27 

U.PA 

37.12 
3»,03 
9Pf A-T 

91*90 
93*61 
9 tj*9S 

50*85 

50)25 

50.99 

99.69 

95*88 

97*1? 

52*8T 
52,56 
53.92. 

- 4 1 n 

32.93 

39.97 

-- . 37.25 — 

— — -J O 9 " 1 » *“ 

37.92 

39.98 

— -92.31 • 

92,62 

99,89 

98192 

51165 

tl «, o t 

.. 51.05 

51,90 

... 

98,35 
99*71 
5| *29 

59.66 

56,93 



- — 3 i .62 

— 97 , SO 

— • ™ /-f 07- — 






50.98 

57 i 02 

54}55 

53*17 

60,4* 

56.56 

57 <43 

66J45 

55.57 

62.81 

— 51,47 

59 i 37 

- 59.07 

49*47. 

— a^a.1- 

6 1 .95 

62 .66 

52.51 

51*6« 

66,10 

56.80 

56.04 

5116J 

48*70 

65,20 

53.52- — - 

52* Ot 

. 49.60- 

*_ -iiA ijaiL . 

— 61, 65 

50,36 

49*80 

46*13 

45.3? 

57.04 

*(6.32 

43,52 

46.65 

-44,29 

45*82 

43195 

43 . 1 5 

ax*J£— 

53 . 1 3 
5Q.g-9_ 

4 1 .28 

42*32 

42,30 

39.83 

48,57 

39.35 

4 0 .55 

4fll7S 

38 , 36 

46.60 

37.53 

30.85 . 

39,20 - 

36j8I_ 

4.5., 1 0. 

35,67 

37*06 

37*52 

35*25 

43,33 

33 .50 

34.94 

35*46 

33*23 

41,21 

— 30.25 

34,71 

.32,27. 

30*Ui 38,80 

62.50 

64.07 

61*66 

58.50 

69,49 


PARAMETERS AT X/D 53 10, 


SI 121 1 

5(141) 

S( 1 41 > 

5(131 ) 

196059+00 

,79203+00 

,69649+00 

• ,63946+00 

,94430+00 

,77614+00 

,68100+00- 

♦ 6Z3ZZ+JJ0 — 

.90217+00 

.73507+00 

, 69 1 0 3 + 00 

.56)62+00 

,05971+00 

.69444+00 

,6038 2 + 00 

,54378+00 

,81499+00 

.65239+00 

,56608+00- 

..50J06AOQ 

,76535+00 

. 60640+00 

.52683+00 

,45859+00 

.72035+00 

.56621+00 

,99409+00 

,41958+00 

.669)2+00 

.52128+00 

,45681900- 

,.37530+OQ 

,60939+00 

,46978+00 

.91199+00 

.32331+00 

.55737+00 

.42867+00 

,37449+00 

,27922+00 

,50105+00 

.38733+00 

,33283+00 

_ ,23002+00 

1 4 393 4 + go 

.34600+00 

,28255+00 

,17460+00 

,36042+00 

. 30580 + 00 

,21722*00 

, 10627 + 00 

.31007+00 

,25400+00 

. 1.409 7 + 00- .93i_4fl^GLl 

• 26p?9+00 

. 1 7 496*00 

, 6 SQ 0 S-O l 

,24860-02 

, 16599+00 

,56378-01 

.79713-02 

,13369+00 

loOOOO. 

.10242*00 

^32 1 §9+.qq 

,649.12 + 00 - 



;CARO .'In'p'uT' FOR MMAX, MC, THETA, AND W? NO 

•detailed Printout? no 

. . . 

ALPHA L, LI SF PWfOB) 

|«75o 1,000 4.150 1,465 -18.244 

.modified aLphaTs: .7294 


Table A-2b: The self noise intensity and frequency at x/D = 10. 

date 090573 

CoNVEcT'iON KACH ; NO ( = 8 , 60 c SPEED OF SOUND RATIO* 2, “ip . Vo CODE* t 


SELF NOISE INTENSITY (DECI8ELS1 WITH FREQUENCY 9AM 0 NUMBERS 


ANGLE 

SEGMENT 1 

SfQMENT 2 

SEGMENT 3 

SEGMENT 4 

segment 5 

sfgment 6 

SEGMENT 7 

SEGMENT 8 

SEGMENT 9 

total 

(DEG) 

MC 8,9297) 

7,93980 

7,19332 

6,24488 

5 , 2 l 6 I 6 

4 , l B 607 

3.22768 

7*39112 

1,70193 



•A 2,24000 - 

2,12000 

l ,90uCO 

1.84000 

1 .70000 

I .56CuO 

i .42000 

| . 26Q00 

.1,14000 

— 

5*0 

“2 • 24 { 8 1 

4 , 45 ( 9) 

13*371 9) 

19*20(10) 

24.16(11) 

78*4) ( 12) 

32.29( 13) 

38,16(15) 

34*731 16) 

40,89 

10*0- 

1 « I 5 ( 8 I 

9,841 9) 

(4.751 9) 

22*58110) 

27.551 1 1 ) 

31 . 8 0 1 12) 

35.69( 13) 

41(791 1 5 ) - 

38*00(16) 

.44,39. 

15*0 

3 » 4 3 f 9 ) 

72,121 9) 
74,031 91 

t 9 . 02 ( 9 1 

24.841 10) 

29.80(11) 

34*05(12) 

37.97(13) 

44153(16) 

40*071 16) 

46,38 

20*0 

5 • 34 ( 9> 

2o.9l (10) 

26.721 10) 

31 .66(11) 

35.92(12) 

39’. 88(13) 

47(41(15) 

41*67(17) 

49,92 

— 2S.0-- 
30*0 

?+i 6-(- -9 ) - 

8,951 9» 

75,021 9) 
77.541 9) 

22*481 ly) 
24.38(10) 

28*461 10) 

3 . 1 3 m i 

33.39(11) 

35.03(12) 

37.64< 121 
3 9 . 3(3 ( 13> 

4 1 , 66 ( 14) 
4 3 . 4 0 ( 14) 

42.79(15)- 
SO*^! J6) 
49186(16) 

- - 43,07-1 *7.i 

44.32117) 
85*551 18) 

-.47, T9-- 
52, ^7 

35*0 

l 0 » 79 ( 9* 

79.35(10) 

2 4,131 1 0 > 

3 i .83 1 ! 1 > 

34,72(12) 

4f(* ^9 1 13) 

45.231 14) 

52,88 

40*0 

12*731 Ip) 

?! ,241 )0) 

27.94(11) 

33.631 1 1 ) 

38,491 12) 

02*791 t3) 

47.24(18) 

50*13116) 

-46.82118) 

53,63- 

45*0 

14,741 Id) 

? 3.2l 1 10) 

29,38(11) 

35*501 12) 

40.34(13) 

44.69(14) 

49,51 (15) 

50,72(17) 

40*10(19) 

55 , 0 1 

50*0 

I4;« 97 1 1 | 1 

?5 . 34 1 1 1 ) 

31.95(11) 

37*521 17) 

42.36(13) 

4 6 • 8 2 1' t 4 ) 

52,401 16) 

5l ,61 t i 7 ) 

49*491 1 9 1 

5 6,82 

- 55*0- 

-■ -19*401 1 1 ) 

?7.7o< 1 2) 

3 4 » 2 4 ( 12) 

39*77(13) 

44.441 14) 

49 » 3 1 1 15 > 

47.66(16) 

S 2 *79( 1 8 ) 

51 ,081 20 i 

5 7 ,05 

40*0 

22*15(12) 

70.34(12) 

34.84(13) 

4?. 371 14) 

47.34(15) 

52.481 t 6 1 

56.75(17) 

54,1-3 5 1 1 9 ) 

53*00(2 1 ) 
55.52(21 i 

60,79 

63,05 

45*0 

25,29(13) 

l3.43( 13) 

39 , 88 ( 1 4 ) 

4 s • 4 6 1 1 5 ) 

50.71(16) 

57.361 17) 

57.201 18) 

56,31(20) 

70*0 

29 * 1 4 1 1 4 1 

l7.23< 14) 

4 3 , 7 3 ( 15) 

49,561 16) 

55.73117) 

51.46)18) 

59.20(20) 

59,00(21 ) 

48*46(2! 1 

63,88- 

75*0 

34*41 1 14> 
37,401 l8> 

i(2* 57 1 4 ) 

4 9 , 4 4 ( | 7 ) 

49.44(17) 

52.571 18 ) 

4l.SO<20) 

62.60(21 > 

52*50(21) 

53* 97(20) 
91.52(19) 
49 *77 ( 1 8 I 

66,17 

e'o • o 

H 4 , 9 I 1 18) 

5 o • 3 ii ( 19) 

6 |'. 99 (20) 

56.(9(21) 

§6.79(71 ) 

56.03(20) 

- 54,26(19) 

65,35 

'85*0 

4 2 * 9 4 1 2 o 1 

79,441 19) 

5 3 . 38 f 1 9 ) 

5^.471 18) 

56.951 18) 

56.421 ! 7 ) 

54.94,1 17) 

52,561 1 8 ) 

63,42 



?<j •a. " 
i, 6 o»o 

-H4+ 0 — 


120*0 
I 30*0 
) H 0 < Q - 
150*0 
1 * 0 * 0 . 
- 1 - 7 0 *0-- 


'36«97< )9> 
29*31 ( 1 0 > 
-2S.-36-<— 8-1- 


22 ♦ 53 ( 
20*251 


7> 

6 > 


i(3 » 33 t 1 4 1 
j6,95( 101 
-jj 2 *- 5 - 8 -l - 9 - 1 - 
2 9 • 7 9 ( 71 
27.531 6 ) 


16*21 ( 5> 2 3 *5I* 5 > 

13.951 5> 2 , * Z5( 5) 

,(. p ,-65 ( 5 1 — — ( 7 . . 9-51-5-1 - 


93*01 


4 9,99 


A 2 84,63 

30.83 


32*65 

39.82 

-3-7+40- 


90*35 

92*85 

-4-1-V44- 


28.90 
-99. CO 
9 1 ♦ 


-99.00 


89.29 

*8. 59 

1)0*37 

1(2.96 

—4-9 -.91 

i(7,6 l 
y 9,66 
— 9-7-. -99- 
39.98 
*99 ,00 
•199 ,00 

+99, 00 


97.93(19) 

5 l • QO * 1 5 ) 

52.77(15) 

53*36(15) 

91 , 53 ( 1 I ) 

9 fi .26( 1 ! ) 

97.82(1 2) 

99*27(13) 

- 37+81 ( 

91- - 

«i.7S(10) 

99.40(10) 

86.91(12) 

35 . 09 ( 

8) 

39.131 

8) 

92. f3( 

9) 

94*14*11) 

32.861 

7 ) 

3 4 • 9 7 ( 

8) 

90 * 0 5 ( 

9) 

92.18) 10) 

— -3q. 86 ( 

6) -- 

35*0 1 ( 

.7) .. 

38.^91 

8) 

9q»35< 9) 

28 , 88 ( 

6> 

33*051 

7). 

36.231 

8) 

38.96* 9) 

26. 63 ( 

5) 

3q»82( 

6) 

39. Ql ( 

7) 

,36*30* e > 

-23.3M 

5) 

27 "S3 ( 

6) 

30*79 ( 

7) 

33 . 09 * 8) 

54*07 


6 1 . 1 9 


60*53 


63*26 

”~83.73 


82*90 


81.69 


79.98 

__93.69_. 


-97.55 . 


. 5Q , 1 6 

. _ 

_ 51,02 

95.26 


98*90 


51.30 


51*91 

97.07 


5q» 99 


52.57 


£2*89 

- -99.16- 



. 52*17 


53.97 


$3*97 

51.97 


59*05 


55.96 


§5*12 

53.51 


55.79 


56 . 86 


56*27 

.. 53,33 

_ . 

. 56.35 

- . 

57.58-- 


... 57*22 

96.6J 


53* 1 I 


5 6 ■ 1 2 


67*9 1 

26.59 


9| .60 


99.53 


55*59 

699,00 

. 

-*99*00- 


-31.26 


99*28 

*99.00 


*99.00 


-99.Q0 


31.66 


52,80116) 
99i59( | 9 ) 
97.17(13) 
95.15(12) 
93*39(11) 
91*62(11) 
39.82(10* 
37.68(10) 
39.95(10) 

69.92 

77.58 

50*71 

51.90 

52*17 

53.00 

53*89 

59.81 

55.67 

56.27 

56.10 

59.11 
98.10 


St, 131 j7> 
98*77 ( 1 5 ) 
96i82( 19) 
95, 10l 1 3 > 
93.50113) 
91 ,911 i2) 
90*21(12) 
3B,13(ll> 
39,99(11) 

62122 

79*19 

99, QO 
99*52 
50*09 
50*71 
51*90 
52,13 

52;8B 

53*59 

59*13 

59,19 

53*15 


Table A-2c: The shear noise intensity and frequency at x/D - 10. 


CoNVEf T (ON MACH N0»o 


8.60c 


speed of sound RATIO. 


2.90 


DATE 090573 
Vo COot. 1 


98,37(17) 
96« 101 I A i 

99.25(15) 

92.(1(191 

91.07(19) 

39.59(19) 

37.86(13) 

35*81(13) 

32.63(13* 

69.96 

69.90 

H6.02 
96.35 
96.73 
_H 7_i.l 6 
97.69 
98.17 
_9 8. .75 — - 
99.37 
50.01 
-30 * 63 
51,13 


60,09 
56.98 
53. §7 
51.90 
99.59 

47,87 
96,07 
93, 4 
90,72 

70,13 


SHEAR NOISE lNT E NSlTY(D EcI B E tS> WITH FREQUENCY BA N D NUMBERS 


angle 

SEGMENT I 

Segment 2 

SEGMENT 3 

SEGMENT 9 

SEGMENT 5 

segment 6 

SEQUENT 7 

SEGMENT 8 

SEGMENT v 

total 

(DEG) 

MC 8,92971 

-A- — 2,260(20 — — 

7,93880 
2 + 12000 

7.18332 
l.VSOOO 

6,29988 
1-.4-9Q00 - 

5 i 2 1 6 1 6 

■ - - - 1 i 70000 - 

9*18607 

1 . 5600 a — 

3.22748 
1*9-2000 

2*39(12 

1*28qoo 

1. 701’3 
1 • 1 9qq0 


5*0 

- 1 2 * 32* 7 ) 

£3.B8( 7) 

3 « 1 7 ( 7) 

9*55* B) 

t5 ♦ 57 ( 9) 

21*5?* 10) 

28.03(11 ) 

38*17(13) 

35,73(19) 

90.96 

10*0 

— 8 * 9 9 ( 7 ) 

59 ( 7) 

6 • So 1 8) 

- 12*891— 8J — 

1 8 . 9 1 ( 91, 

- i9. 68 * 10) -- - 

. _3U.93 ( 11) 

91,89(43) 

38*95(19) 

93.97 



15.0 

20*0 


,30? 0 
35*0 
— hq-*o- 


*♦5*0 

50*0 

55* 0- 


*6«76< 7» 
-9.89< 7> 
7 - > - 

.*1».9’6( '7> 
*30 t 8 ) 

- 2*16< 8) 
9» 1 9 ( 8 > 

6 • 32 ( 9> 


to.»o 
65*0 
70*0 
75*0 

8p*0 

_a5*o- 
90*0 
100*0 
•I 10*0 ~ 
t 20 * 0 

1 3o*0 

-JAO+O 

|5o»0 
160*0 
-1-7 0 * 0 


I 1*641 io> 

15*101 1 ! > 
19*694- L2-1 — 
26 * 55 ( 1 9 * 
37. HOt I6> 

_tt-2-*.94-(--iaJ- 

*99*GQ( l3 l 
1 0 • HS ( 9> 

- 8 . <49 ( -7). 

A • <4 H ( 6 > 

<4 • 55 ( 5» 

— 2 *-7<H--Hi- 


1.661 7) 

3 • 5 3 < 7) 
—5*251-71- 
6.921 B) 
8.651 8) 
fQ* 98 ( 81 
;2.42< 9) 
“9 * 56 ( 9) 
—*6..* 9 9.1-1 OJ . 


81 
B 1 


8> 
9) 
9J . 

91 


. 89 ( <4 ) 

" 1 . 29 ( 3> 

“-9 • S-44-t -3>- 

<4 1 . <4 8 


79.63(11) 
2 3.29l 1 11 
-?7-.9l < 13-}. 
36 . 16( 1*41 
M H . 9 1 <• 1 7 1 
-q 9 ,_<4-6-(-l.84~ 
" 9 9 » 00 ( 13) 
77 • 3<4 ( 9) 
... j 5 • 59 <- 7}.- 
73.55( 6> 

7 I . 70 < 51 
— 94- 


8 .Q 8 < *4 1 
5 . 9 1 ( 3) 

— 2 * 67 ( -31. 

q8,29 


8.72( 
l(j»56 ( 

— --1-2*) , 

1 3.92 ( 
15.621 
1 7 * *4 3 ( 
19.35 ( 

2 1 . H0 I l 0 ) 

33*? 

26,79411) 
3q . 36 ( ¥2 ) 

35*25(441- 

<43*H3f 15» 
50*30.4 17) 


s 99*00( 1 3 1 
22.324 9) 

- -2^*ap{— 7J- 
18*954 6 ) 
17.174 5) 
_4_S*- H - H . ; _ 84- 


1 5 * 1 0 ( B) 
t 6 .9H( 8 ) 


V 


28 ( 9) 

2 * *98 1 9) 

2 3*.7.9_i 104- 

25*73 4 10.) 
27*89(11) 


2 1 * Y 3 ( 9) 
22*974 9) 

_2 Jt^ai-io 

26*354 10) 
28*67(10) 
29*9344-14- 


31*93(11) 
39*21(12) 
-3J....904 12J- 


33*90(12) 

37*25(13) 

-.42.8341-9-)- 


90*26(13) 
99.81(1*4) 
-52-» 20 44-54- 


4 9 .69( 16) 
62*31 ( 18 ) 

*99.00(13) 

26* 0 6(10) ' 


13.624 9) 
11*974 9) 
—8.244—91- 


23*31 ( 7) 

2 1 * 65 ( 6) 
-,..|9«,98( -51 


52.57417) 
56.19(19) 
-42*934.1. 6_L 

-99*00(13) 
28*72(1 1 I 

_2a*4-7-(— 94- 


; 16.21 

16*09 ( 5 ’)■,-. 

. V*.B7t.5l 


26 • B0( 6) 

25*3 04 7) 


‘ : -- 22 i 6 ‘M 6 ) 

x : 19 * 96 ( 6 ) 
___tX*7-6-(_6.L 


27. 1 2 < 1 0) 33.73(12) 

28.99(10) 35471(12) 

-4*. -7^4-144 374.6l-(-i-24_ 

82*98( 1 1 ) 39 ; 59 ('I 2 ) 

8,9*30(11) ’91.65(13) 

-86*3-9.(42) 99,06(13) 

38*99(12) 96*99(19) 

9i*0B< 13) 50*73(19) 

.-4.4*_2-94-l-3) 97 j. 8 6-41-5 1- 

98*22(19) • .57)25(16) 

S5*6l( IS) : " 57*63( 17) 
— 5-)-*-46.(-l6) i-9-, 5 041-8.1- 

62*08(18) 62*70419) 

56.79(20) 56.03(10) 


**49f00<J4) 
30* S7( 121 

-!j 0*43 (4 0)- 

29 . 9 3 ( 9) 
28 « 1 6 ( 8> 
-2-6*49 ^ — 84- 


-99*00(1')) 
'! 30 ♦ 6 7 < 13) 
..'.-3 1,:65.(-)-4)- 


31*13(10) 
30*15(10) 
_2.6. 43 ( — 9J- 


25* S 3 ( 7) 
.#3* l 1 ( 7) 

_4_9*-9-S( — 24- 


52,82 


6()*71 


’56.98 


01*57 


27 * 95 ( 
25*5! ( 
-22.39.I 

63.66 


9) 
8 ) 


99 , 70 ( 13) 
97*784 13) 
.92*79tj3) - 
S| ,2! ( |9) 
50*59(19) 

. 50*79 ( IS L 
51,33(15) 
52,16(16) 

-53,26 (-4.6-1— 
59*721 1 7 ( 
56 *S 6 t 1 8 ) 

_ 59. vLl-t 1-9.1- 
52,50(19) 
93,49(17) 
.3Z.-64-U.6-)- 
-99,00'( 15) 
29,79(19) 
_3-i*69X \Zi- 
31,79(12) 
31 . 19 ( 1 1 ) 
-30. 1.8-144.)- 
28.884 10) 
27,05 ( 10) 


6g*98 


90*954 15) 
92 * 49 ( 15 } 
...93.82 4-1-5)- 
85*01 MS) 
96*17(16) 
._H7_,-37..Ul.6} 
98*S7( 1 7 i 
99.89MB) 
-S4.t-3A.U-aL 


93*19(191 

55*60(19) 

-jjajL.96M.9-i 


96*96(16) 
37.821 17) 
.29 ,4.6 U 6|. 


•*99*00M6> 
26*87(19} 
29-«-3 3 t 19) 


*9.764 13} 
29.99(12) 
4 a*6 .e_LL2L 


27*52( 12) 
25,7941 1 ) 


57*29 


96,53 
99,1* 
„.97. ,03. 
52,43 
52,81 

S 3 *.l 3_ 

59.26 
55,98 
—56,9.7. 
60,90 
62,59 
__A3, $4. 
66,02 
65,01 
58,55. 

*89,46 

37,09 

37., 8 £L 

37,33 

36,96 

_35,.U- 


33,99 

32,06 

J28 

60,71 


Table A- 2 d: The total noise intensity at x/D =_ 10. 




CON.VEcTiON MACH N0*« 8.60c 


SPEED OF SOUND RAT{0« 2,90 


Vo CODE* 1 




TOTAL NOjSE tNTEN5ITY(n E ClBELS) 


ANGLE SE6MENT 1 
(DEG) HC 8,92971 

A 2,26030- 


5*0 

10*0 

15*0 

20*0 


■J *89 

i * 55 

3*83 

5*75 


segment 2 

7 .93080 

2 . 12000 - 

6,89 

10,22 

12.99 

19.90 


SEGMENT 3 
7 . 18332 
4-, 

13.76 
-4-7-*4-5~ 

19,91 
2 ) .30 


SEGMENT 9 
6,29988 
4-^84000, 

,0m* 


25.28 

27.15 


SEGMENT 5 
5 J 2 1 6 1 6 

f-7-0000- 

29*73 
-2 8 ♦ 1 0 - 
3&*35 
32*21 


SEGMENT 6 

9.18607 
4-* SAgoo 

29,22 
- 32 , 60 - 
34.65 
36,72 


•SEGMENT 7 
3.22768 
1442 000- 


SEGMENT 8 
2.39] 12 
1-..28000- 


SEGMENT ? 
1.70193 
I ■ 1 9000.. 


33.67 

-3.7-1 oa- 

39.36 

91,29 


91.18 
...99. 83- 


38,26 
9 1.5 4 


97,63 

50*61 


93*59 
95. 1 l 


TOT0L 


93, *9 
..J)'7:*19 
99,72 
52.25 



— «?5 — — — — '■ 

-7 « &6 

16.18 

23*05 

28.89 

33.93 

38.95 

■ 93.10 

95 + 80 

96*97 

50,55 

30*0 

9*33 

17.92 

28.75 

30.56 

35.58 

•90.12 

99.90 

53.85 

97.69 

55,91 

3S*0 

I 1 • l 6 

1 9 • 70 

2 6.50 

32.26 

37.27 

9 1 • B 3 

96.81 

53.25 

98.88 

55.^6 

~40«O 

- 13*0 9 

21.59 

28.33 

39.06 

39.06 

93.67 

98.95 

53.99 ' 

50* 1 > 

56,92 

95*0 

15*12 

23.56 

3;>.29 

35.93 

90.92 

95.62 

51.92 

59.05 

5J.3S 

57,66 

5o • 0 

17.33 

25.69 

32*32 

37.97 

92.98 

97,89 

59*65 

59.90 

52.7 1 

59.93 

-5-5 * 0- - - 

19*76 

28.05 

38,62 

90.25 

95.31 

50.50 

50.87 

56.05 

59.24 

59.78 

6 Q • Q 

22*52 

30.73 

37.25 

92.89 

98.11 

53.98 

6q*02 

57.55 

56. 11 

63,86 

65*0 

25*69 

33.83 

9$. 39 

96.07 

51.70 

59.58 

60.93 

59.95 

58.57 

65,8! 

70*0 

29*60 

37,7| 

99*30 

50.39 

57.33 

59,97 

62*37 

62,07 

51 .97 

66.97 

75*0 

' 35 * q7 

93.30 

5 . 9 1 

52.65 

55*58 

69.95 

6 g t 6 6 

55.51 

59,68 

69,10 

80*0 

90* 9l 

97.92 

S 3 . 31 

65.17 

59.21 

59,80 

S?.04 

59,6) 

51 .70 

68,20 

-84*0 

- -95*95 

52.97 

56.39 

58.98 

57.12 

56,52 

55.01 

52,60 

99, BU 

69,85 

90*0 

36*97 

93.33 

97.93 

51.00 

52.77 

53.36 

52*80 

51,13 

98.37 

60,09 

1 00*0 

29-37 

36.51 

9) .59 

95.31 

97.87 

89,32 

99.65 

• 98.82 

96. 15 

56. T3 

1 10*0 

25.99 

32.66 

37.89 

91.89 

94*70 

96,52 

97*29 

96 + 95 

99*37 

53. §9 

1 20 • 0 

22*69 

29.89 

35.19 

39.25 

92*26 

99,28 

95.32. 

95,30 

92*83 

51.57 

1 3g*0 

20*36 

27.69 

32.98 

37.09 

90*19 

92,35 

. 93.55 

9,3.75 

91.3* 

99.00 

-740 + fi 

— ‘18*33- 

25.62 

3-?. 98 

35.19 

38.30 

90.53 

9 1 .85 

92*20 

.39,88 

. 48. UL. 

!So*0 

16*39 

23.63 

29.01 

33.19 

36.39 

38,67 

90*06 

90,52 

38,25 

96,33 

|6o*0 

!9*o7 

21,38 

26.76 

30.96 

39*18 

36.50 

37.99 

38,96 

36*23 

99,11 

1 7o*0 

10*78 

18.08 

23.97 

27.68 

30*91 

33.25 

39.71 

35,27 

33*0)5 

91. BO 


95*32 

52.23 

56*98 

63.96 

6) .97 

65.50 

67-07 

69*66 

61*50 

72.09 




Table A-5a: 

The WKBJ 

INTEGRAL AND 

RUN PARAMETERS AT X/D = 20, t 



THETA Ir*oI 

5(21) 

5(91 ) 

5(6!) 

5(811 

Slid) 

s ( t 2 1 ) 

S ( 1 9 1 ) 

si un 

5(181) 


.00 

,24801+01 

, 2 1 273 + 01 

. 1 7 895 + 01 

, 1 9670 + 01 

. 1 ) 887+Ot 

,96059+00 

.79203+00 

,69699+00 • 

63996+00 


5.00- 

.28627 *0 j 

.2) 1CI+0! 

. 17679+01 

. 1 8502 + 01 

* 1 ) 721+01 

.99930+00 

.77619*00 

,68 1 o e +OQ 

62377+00 


1 0«0n 

,29168+0? 

• 2.,.688 + a 1 

. 17229 + 01 

. 18069+01 

. 1 ) 291+Of 

,90217+00 

.73607+00 

.691 J3+o 0 

58362+00 


! 5 • Oo 

, 2 3 680* 0 1 

,2 1. 1 171+01 

.16743+01 

. 13610 + 01 

,10851+01 

,8597 1+00 

.69999+00 

,60362+00 

59378+00 


20.00 

,23190*0V 

. 19697 + 01 

. 16255 + 01 

.13121+01 

, 1(. 382 + 01 

.81899+00 

*6S239+oo 

,56608+00 

50306+00 


25* Do 

.22518+01 

.19086+01 

.15677+01 

, 12567 + ui 

.98597+0" 

,76535+00 

.60690+00 

, 52653 + 00 

95859+00 


30.00 

,2)9(53 + 0? 

,19958+01 

.181 19+01 

. 1 2092 + 0 1 

,93697+00 

.72035+00 

,56621+00 

.99909+00 

91958+00 


35.0(5 

.2) 177+0? 

- .. 1 7769*01 

• l 9968*01 

. 1 1 .832 + 01 

.88006+03 

+669)2+00 

,52128+00 

,95651+OQ 

37530+00 


90. Co 

• 2jj306 + 0 1 

, 16989+01 

. 1 3692 + 01 

, 10709 + 01 

4 8 ) 367+0? 

.60939-00 

,96978+qo 

,91 197 + 00 

32381+00 


95.00 

, 19933+0) 

.16 1 29+01' 

.12991+01 

. 10027 + 01 

*75299 + 015 

,55737+00 

,92667+00 

, 37 947 + QD 

27922+00 


50»Qn 

.18907*01 

.151 8Q+0i 

. 1 2079 + 01 

.92502+00 

,68525+On 

.50105+00 

, 387 33 + 00 

,33253+00 

23092+00 


55. Or 

• 1 7 1 7 J.+ oT* 

. 1 9086+ut 

. 1 1 050 + 01 

.83956+00 

» 6 0 8 0® + 0 •> 

.93934+00 

•39800+00 

,28258+00 

17960+00 


AO. Or 

. IS60I +0? 

. 1 26 1 7+01 

.87729+00 

.72325+00 

.5 | 51 9 + 0, 

+ 36^82 + 00 

. 30980+00 

,21722+00 

10627+00 


65*00 

1 1 3755+0 ) 

. 1 0 9 7 3 + 0 1 

.83959+00 

.60893+00 

.92338+0- 

.31087+00 

• 25900 + 00 

, 19897 + 00 

93190-01 


70.00 

, l 1 338*0 1 

, 8868 2 + 09 

,65780+00 

,96996+00 

, 37777*0(1 

,26499+00 

.17996+00 

,65005-01 

29860-02 


75.00 

.8ol95 + 0‘! 

.60938 + 0{) 

.83979+08 

. 3 1 569+00 

.26059+00 

1 16599 + 00 

.56378-01 

,79713-02 

1 3364+00 


8 0. Or 

• 38487+Gr 

.33209+03 

.28397+08 

• 18805 + 00 

,77217-01 

, 3OOOO 

, 10292+Od 

,321 £? + 00 

69912+00 




CARMVu'T. FOR MM.AX, a', MC, THETA, AND w 7 HO 
' beT/rj(iE«‘-pRjuTo«n no 


ALPHA L Ll SF PWfDB! 

,,75p 1,000 6*150 ‘OHS -15.266 


MPOJF.IED ALPHA 155 . 72 V 1 * 


Table A-3b: The self noise intensity and frequency at x/D - 20. 

jjAxC-OaPALJ— . 


CoNVEcTjOH MACH N0.» 8.6Qu 


SPEED OF SOUND RATIO* 2.9 0 


VO CODE* 1 


SELF NfcUsE !NTENsITY(DeCIBELS1 with frequency band numbers 


angle segment i segment 2 segment 3 se g ment 9 segment 5 segment 6 

(DEG) MC 8,42971 7*93880 7.18332 6,24888 Si2i6)6 

E " ? ,?6TW? ..... a ^l^QQ 1,98000 1.8S000 1,7 qOOO- 1*5*000 


5*0 

-+ 0 -.- 0 - 


»76( 
-4*4 54 


5» 


9.551 61 
f . 2 .04-t 


15*0 

20*0 

-25. 0 - 


30 » 0 
35.0 
- 40 .- 0 - 
85*0 
50*0 


6.831 6 1 
8.361 6> 

( 6 - 1 - 


11.951 
13.791 
-1 5.7-34 
17.761 
19.971 


6 1 
6 > 
-7-1- 

7 ) 

8 > 


;b. 12 ( 6 ) 

*7 • 03 1 6) 


7 0 * 56 1 6 ) 
;2.35l 71 
;8.28l 71 
26.21 1 7 ) 
2 0.38l 8 ) 


-55-.0 



— 40.70 1—9 )- 

60*0 

25.15! 9> 

33.36< 9) 

65*0 

28. 29 1 1q) 

36,83! 10) 

-70*0 

32,1-4(4 U- 

—40*231 1 t ) 

75*0 

37.41, < )3> 

n5.57< 13) 

80 * 0 

90« 4(j( IS ) 

47.9)115) 

85*0 

45 * 9 8 ( 17> 

. 52.86! 16) 

90*0 

39.47 Ul > 

46.33!lt) 


16.371 
- 19.751 
22.021 
23*911 

20 . 68 f - 

27* 38 ( 
29.131 
3 r| • 9 6 ( 

32 * 88 ( 8) 

3 8 » 9 5 ( 81 

— -3-7 »-2 8 1 — 9-1— 
39.88(101 
82.88(111 
86.731 I 2 1 
52.88(18) 
53.30(16) 
56.38( XI ) 
Stt* 93(11) 



SEGMENT 7 
3.22768 
IjJI 2000 - 


SEGMENT 8 

2.39112 
*-*280 DO- 


SEGMENT f 
1 .70193 
1 .150 00- 


e> 

- 8 )- 

8 ) 

8 ) 


38*501 9 1 
8 q .52 1 9 ) 

_4 2 ..X7-t-l0L 
85*371 l 1 1 
89 , 86 1 12) 

_5 2 *-5 6.Ll-3J_ 

5 2 « 68 < 15) 55.57715) 

68.99117) 59.19(18) 

_.5e*-8 7-L t-S.) 59. .-9 5-<- 1 S.L. 

58*00 (12) 5$.77(12> 


27.161 
30.551 
32.801 
39.661 
36.-391- 
38.031 
39.721 
-5 *.4-94. 

83. 39710) 
85.361101 
-HJ.681.UL- 
50*391 12) 
53*71 113) 
.-5B-.-X3U9.)- 



3 1 * 9 1 l 9) 
- 58 » 0 (jL --9 1 
37*051 9) 
38.921 9) 
-80.6 41—9-) 


35.291 10) 
_30. 6i(.10 >- 


811161 1 2 ) 


37.73113) 


82 . 3(31 10 ) 
83*991 10) 
-85.-7- 9-1 1 0)- 
87*69(11) 
59.82(11) 
-52 * 3 t-l V2L- 
55*88! 13) 
60 * 36 1 19) 


64.80! 17) 
59.791 16) 
-59.-9 2-1-1-8)- 
56>36< 12) 


90.97( 10) 
92,88(11) 

-44,661-1-1-) 

96.90(11) 

98,23(11) 

_S(U24( 1 2.1. 
52*51 ( 12) 
55*901)3) 
_5Q.».86.(_UJ- 
59.75(14) 
60*20(15) 
-62_*0QU-ZJ- 
65.601 19) 
59*03(17) 
_ElZ.«. 9.9 *l!M- 

55,801 13) 


55,50(18) 
57.26(16) 
_ 5 S ; 56 -U 51 - 


- 59,13(19) 


TOTAL 


83,59 

97.39, 


97(53(12) 93,07(13) 99, #8 

50,91(12) 99.67119) 52,32 

53 * Hstlt) 

52(861 13) 

utiua-i- 

53(72(18) 

59,61719) 

.„55*i9_L*5J- 
57,35(1*) 

-59(31(17) 


97.32(19) 66.37 

88.55(15) 55,50 

4R.B2I 15 \ 5 6 . *- 6 - 

51,10(16) 58,01 

52*99(16) 59,82 

64.08(17) A0-.. 8 - S - 

56*007 1 8 | 63,79 

58,52(10) 66,05 

_S 1 .461 I 8 1 66.88 

56.97117) 69,17 

54,52116) 68,35 

_52j..771IA) 66,92 

51.37119) 63.09 



100*0 

32.311 

7 ) 

■^9 , 45 1 

7) 

i»0*0 — 

— 28*-3M- 

S> 

3 5 , 58 I 

6) 

120*0 

25.531 

4 I 

•,2.791 

4) 

1 30* 0 

23.251 

3 > 

30 « 53 • 

3) 

-H-0.0 — 

— 2T *-2-1 4— 3T 

- - ?8 , 50 I 

31 

1 50 * 0 

19.21 ( 

2> 

26 » 5 l 1 

2) 

160*0 

16.951 

2> 

2 4,25( 

2) 

4-70*0 

1 3,66 ( 

2 I 

20,951 

2) 


46.01 


52.99 


aT 

8 9,63 


«4,29 



33*83 


« ! ,59 



35.65 


43,37 



37.82 


45.46 


— 

—40.40 


47.91 



43.35 


4O.6; 



45,85 


$2.66 



44.-14- 


50.44 



31,40 


3 7.98 



-99.00 


-99.00 



•99. -00 


-r9 « 00 



-99,00 


-99,00 



44.53 f 

8) 

4 g • 26 ( 

8) 

50*02 ( 

4t<»8 H 

6) 

44.751 

71 

47.601 

3 8 , 09 ( 

5» 

42* 1 31 

5) 

46, 1 it 

35 . 86 t 

4 ) 

39*971 

S) 

43*051 

33.86( 

3) 

38*01 < 

4) 

41.141 

31 .881 

3) 

36*051 

4 1 

39.231 

29.631 

2) 

33*821 

3) 

37. 0 H 

26.3H 1 

2) 

3q • 531 

3) 

33.741 

57.87 


64.19 


63.53 

83.73 


8 2 * 9Q 


OD 

• 

t> 

*0 

46.69 


50*55 


53.16 

48,26 


51*90 


54,30 

53. 07 


53.44 


55.67 

52,16 


55.17 


56.97 

54.47 


57.05 


58.46 

56.51 


58*79 


59,*6 

56.38 


59.38 


60. SB 

49.61 


56*11 


59.12 

29.59 


44. 60 


52.53 

T’9.00 


- 99 .OO 


34.26 

7?9.0C» 


- 99.03 


-99 . oO 


9) 

52.271 101 

52*59(1*1 

7) 

49.41 < 

9) 

50.171101 

6) 

47* 14< 

8) 

48. 1 B < 

9) 

6) 

95* 1 0 1 

7) 

46,341 

8 ) 

5) 

43*351 

61 

44.621 

8) 

5) 

4 1 . 40 1 

6) 

42.821 

7) 

4) 

39*301 

5) 

4 0 * 68 ( 

7) 

4) 

36.041 

5) 

37 . 45 ( 

7) 


66.26 


67.42 



79.98 


77.58 



54*02 


53«7l 



5 4 • 9 1 


54.40 



55 • 89 


55.17 



56*97 


56.00 



50.12 


56.89 



59*27 


57.81 



63*22 


58.67 



63*41 


59.27 



58.59 


59.10 



52*28 


57. It 



34 . 86 


51,10 



5 j ,771 l 2) 

49* 101 1 3 > 

59.08 

49,821 1 | ) 

47.25112) 

56.47 

48, tOttO) 

45.61(11) 

54,40 

46,501 10) 

44.07111) 

52.59 

44.711 

9 1 

42*54 1 1 1 i 

50.87 

43.211 

9) 

40*861 10} 

49,87 

4|,131 

8) 

38,81(10* 

46,44 

37,941 

B) 

35.631 10> 

43.72 

65.22 


62*46 

73.13 

74,19 


69.40 


52*00 


49.02 


52,52 


49, 35 


53 i 09 


49.73 


53,71 


50.16 


54.40 


50.64 


55*13 


51.17 


55.88 


51.75 


56.59 


52*37 


57,13 


53.01 


57*19 


53.63 


56*15 


54.13 



' Table A-3c: The shear noise intensity and frequency at x/D - 20 

_ . . . -OAtE.. 09D573 

convert j on mach no • = b.aot speed of sound ratio* i » 4rt v o coos« t 


SHEAR 

NOISE iNTENSlTvlnECIBELSl 

WITH frequency 

BAnD . NUMBERS 

angle 

SEGMENT- t 

Segment 2 

segment 3 

SfgpFNT 4 

(DEG) 

«C 8,42971 

7". 9 3 880 

7. 1 0332 

6,24488 


A 2.26&£>0 

2. 1 2C00 

l .90000 

1 .84000 

5*0 

-9.321 4 )' 

-.881 4) 

6 • 1 7 ( 4 * 

1 2 • 55 ( 5) 

10*0 

-5 • 9 9 ( 4>~ 

2.461 41 

9.5 u f 5) 

I 5 « 89 1 5 1 

1S«Q 

-3.76 1 <4 ) 

4.681 4 ) 

11 .72 ( 5) 

1 8 • 1 0 1 5 ) 

20*0 

- 1 .891 4 ) 

6.531 4) 

1 3 • 56 ( 5) 

1 9 « 94 ( 6 1 

25» 0 

-.161 4 ) 
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5 2 • 89 ( ISi 
54.381 15) 

56* 19(16» 

58.60M6) 
51.46(16) 
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40 • 82 ( 14) 
SI* 16113) 
-99.00* I 3? 
29.871 It j 
32.331 I I > 
32.761 10) 
32.441 9) 
31.681 9) 
30*621 9) 
28.791 ai 
25.781 8) 
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SEGMENT 3 
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7, 92 
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A 

2 . 261)011 

2 < 12 

tiC 0 

1.94050 

5*0 

1 < in 

< 

• t 4 

15,76 

1 d *o 

J 4 1 • 5 > 

! 4 1 1 • 

* 2 t 2 0 

g 5 2 '• 1 6 

IE «C 
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1 . 

.. 1 9 

2 2.41 

25'.fl 

" 8 . 7 i i 

1 . 

Vo 

74.30 


/2 5 T * Co 
3^ •£ 
1 35 .C 

g : 


;i oi» 5 4 
i 2*3 ) 
I 4 t ( J, 


11 5.1 P 
2 ,..' 2 
2 ; • 1 U 


G E 


1 1 1 

i ! I, I 


25.35 

27.75 

24 . 5 c 

5 


*|!^T 4 

SEGMENT 5 

SEG M ENT 6 

6 , ? 4 4 8 8 

5.21616 

4, 18607 

t l |440U0 

1 . 7nuO£i 

1 .56PO0 

?2 * 65 

27.73 

32.22 

’^6,03 

31.10 

35,60 

= 8.78 

33.35 

37.85 

30,15 

35.21 

39.72 

31.89 

36.93 

41.45 

33.56 

38.58 

43.12 

-7-5 .. 26 

4o*27 

44.83 


SEGMENT 7 

SEGMENT 6 

segment V 

3.22768 

2 • 39 1 12 

1 .70193 

1 .42000 

1 *28000 

1 . 14U0U 

36.67 

44.18 

4 1.2* 

40.08 

47.83 

44.51 

42.36 

50.63 

46.54 

44.29 

53.6) 

48.11 

46. 10 

48,80 

49.47 

47 i 90 

S6.8S 

50*69 

49.6 1 

56.25 

51.88 


65.41 

66,13 

57,26 

58.98 

69.47 

63.50 

65.94 
66,24 
69.02 
68,01 
M .55 

-89,46 

40,04 

40,80 

40.33 
39,46 

38.34 

36.94 
35,06 
31,97 

71,71 


TOfAL 


46,89 

50.19 

52,72 

65,25 

53.55 
58,41 

58.56 
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5q*0 


1 8 • 1 2 
20*33 

-2 2 * 7 6- 


24.59 

26.56 

28.69 

31.05 


.6o*(3 ' 

65*0 : 

25.52 
28 + 69 

3 •> * 6 n - — 

33,73 

36.83 

-40.71 

— f g 

7S*0 

80*0 

38 «C7 
43M1 

03.^95 

46.30 
50.9 2 
55,07 

,90‘Q. 
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39*47 

32*37 

- . 23 • 04 

46.33 
39, 5| 
35,66 

1 20*0' 
130+0- 

• Ua . n 

25.64 

23*36 

32.89 

30.64 

28,62 

“BTVTV - ^ 

1 5 0 » 0 

160 + 0 
f 7 n * n 

19.34 

17*67 

l_3 J.7. 8 

26,63 

24.38 

-21.08 


48*32 

55,23 


3) ,33 

37.06 

33.24 

38.93 

35.32 

40*97 

37.62 

43.25 

46 + 25 

45.89 

43.34 

49.07 

47*30 

53.39 

53.41 

55.65 

56.31 

68.17 

59. 59 

61.48 

5?j.9 3 

54.00 

44.59 

48.3 1 

4n.B9 

40.84 

38.19 

42.25 

35.98 

40*09 

33.98 

38.14 

32.01 

36.19 

29.76 

33.96 

26*47 

30*68 

59.98 

66.96 


42.06 

46.67 

43.92 

46,62 

45 > 98 

50.84 

48,31 

53.50 

51. 1 1 

56,98 

54,70 

62.58 

60.33 

57.47 

50.58 

67,95 

62.21 

62,80 

60*12 

59.52 

55.77 

5 6,36 

50.67 

52,32 

47*70 

49,52 

45.26 

47,28 

43. 19 

45,35 

41*30 

43.53 

39.39 

4 1.67 

37.18 

39,50 

33.9 1 

36.25 

64.97 

66,50 


5 | . 95 

54.42 

57.65 
53.87 
63.02 

63.43 

65.37 
63 166 
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5a. 01 

55.80 

52 .65 

5q 1 29 

4a » 32 
46*55 
44.85 
43*06 

40.94 

37.71 

70*07 


56,49 

57.05 

57.90 

59*05.. 

60.55 

62,45 

65,07 

.... 53 .1 1. 

54.35 

55.71 

5T.t24__ 

59.lt 
61.57 
54.47 ... 

59.42 
60,66 

62.43 
... 62, *8 

66,86 
68,81 
69, »7 . 

58.5) 

57,61 

55.60— 

54113 

57.66 

54*70 

SZ-* 6j5 

72.10 
7 1 . £0 
6 7,64., 

51.37 

63,04 

51,82 

49.15 

59,13 

49.95 . 

• 42-0.9 — 

5A.SJ5U. 

48.30 

45.83 

54,57 

46,75 

44.36 

52,60 

45,20 

.42*a8_. 

5.U10-- 

43,52 

41.25 

49,93 

4 1,46 

39.23 

47,21 

38*27 

36. QA. 

4.4 .00- 

67,66 

64.50 

75,49 


THETA t RAO ) 

.00 

5l».0 0 

10.00 
is.Oo 
20*00 
25*00 
30*0o 

- -35*00 

40.00 

45.00 
50*0(1 

55. 00 
6 0 • 0 r> 

65.00 

70.00 
75*00 

80.00 


5(21} 

, 19285+01 
,19080*01 
,10613+0“ 
,!8l44 + 0][ 
,17610+0} 

, 17051 +oT 
. 16427+oi 
, IS7B 0 +G» 
. 16012+01 
, 14134+oT 

, 13237+Qi 
. 12177+01 
, l 0 839 + oi 
,9 3207 + 0*1 
,73710+0- 
, 4<?988 + qT 
,41899+qI 


The WKBJ integral and run parameters at x/D = 


5(41 ) 
,16711+01 
.16507+01 
,16047+01 
,15509+01 
,15071+01 
. 14532+01 
.13937+01 
. 13325+01 
. 12604 + Q f 
, 1 t 7 a 5 + 0 1 
,10966 + 01' 
. l.jOlO + 01 
.88158+00 
.75082+00 
.58933+00 
• 4 I 80 1 + 0>> 
,31621+0(1 


Table A-4a: 

S t 6 1 ) 

. 14218+01 
.14017+01 
. I 3563 + 01 
,13117+01 
+12615+01 
•12100+01 
. 1 1 534 + 01 

>1 961+01 
.1^290+01 
.95354+00 
.8000 I +00 

.79670+00 
. 69 1 45 + 00 
. 58418 + OG 
.45992+08 
.37324+00 
,2;- 6 13 + 00 


S ( 8 1 1 
, | 1935+01 
. 1 1736+01 
. 1 1 290+01 
. I 0856 + 01 
.10373+01 
,98829+00 
.93502+00 
.88201+00 
.B2Q30+00 
.75196+00 
. 6 B 77 3+00 
.61595+00 
.52975+00 
.44825+00 
.36957+00 
.31023+00 
.95688-01 


S( 101 1 
199811+00 
*97848 + 0(5 
.93469+00 
,89274+00 
,84650+00 

* 8 0027 + 0(5 
.76071+00 
«7o250+00 
.64700+00 
,56675 +Qo 
, 53324+00 
*476]2+0g 
.4i 112 + Ofl 

* 3&444 + Q0 
.32311+00 
» 2 1 005 + 0o 
188241-07 


S< 121 1 
,04643+00 
ia-27 J3 + 00 

*78432+00 

,7440 h +00 

,7002*+00 

.65739+00 
*6l22 8 +00 
,56990+00 
. 5220^+00 
, 47j 97*00 
,43254+qo 
t 39674 + 00 
*35057+00 
, 31&73 + O0 
, 22936+00 
.98^1 4-0 1 

,57)78-01 


5(141) 
.75214+00 
,73329 + 00' 
•69188+00 
.65405+08 
.61392+00 

.57625+00 

.53863+00 

«5q599+q0 

.46662+00 

.42253+00 

,38381+00 

,33839+00 

.27592+00 

.20977+00 

*11822+00 

.92525-02 

.22515+00 


25 . 

5(181 1 
, 70386+00 
, 68482+00 
, 64262+00 
, 6040 5 + 00 
, 56196+00 
. 5207**00 
. 47784+00 
, 43648+00 
, 38870+00 
, 336 ( 6+00 
, 28 90 1 +"00 
, 23559+00 
, 1 6660 + 00 
,9e79£)TQl 
,21695-01 
, 57346-01 
, 48689+00 


S( 181 ) 
,60932+00 
,S9025+.00- 
,54739+00 
,50771+00 
,464101:00- 
,42099+00 
,37563+00 
, 33 J 97 +00 
.28159+00 
,22663+00 
,17278+00 
,12450+00 
,60353-01 
,10664-01 
,35338+01 
.22559+00 
,84643+00 



card: i- * pot for mmax. a; mc, theta, and w? no 
detailed printout? no 

alpha l ei sf 

1.75o 1.000 5.000 iSOO 

HOft I F I E D Ai?HA. tS5 .700* 

Table A-4 b : The self 


convection mach no.* 7.006 


self noise intensitY(decibels) with frequency ban d numbers 


angle 

SEGMENT 1 

SpGMENT 2 

SEGMENT 3 

SEGMENT 4 

(DEG) 

MC 6.86139 

6.46(81 

5.84689 

S. 08304 


-A 2^35000 — 

- - 2 . 2Ow0G 

2.05600 

1.90000 

s*0 

3* 67 ( 5 ) 

72.31 ( 5) 

19.201 6) 

25 • 05 < 6) 

-w»o 

7 • Q9 (- 5) 

75. 7 2 ( 51 

22.62) 6) 

?8 • 4 7 ( 6) 

15>0 

9 • 38 ( S) 

7e.02( 5) 

24.90( 6) 

3q • 76 ( 7) 

20*0 

11 • 3 3 ( 5 ) 

79 , 95 < 6) 

26 . 8 3 ( 6) 

32.66) 7) 

—25.0- 

13-.-l-4(-~ 5-) 

- 7 I.74< 6) 

28.6Q) 6) 

34 • 44 < 7) 

30*0 

l 4 • 93 ( 6) 

? 3.S0< 6) 

30*341 6) 

36 . 1 6 ( 7) 

35.0 

1 6. 75 ( 6 ) 

?5.29( 6) 

32< 09 ( 7) 

37*901 8) 

40*0 

1 8. 67 ( -6> 

?7.17( 7) 

33*94 [ 7) 

39 * 7 3 ( 8) 

45,0 

20 • 7 2 ( 7) 

?9,l7( 7) 

3 5 . 9 | ( 8) 

4 j .69 1 B) 

50*0 

22.90 7 ) 

3 1 . 3 1 ( 8) 

38.Q1) 8) 

43,79( 9) 

—55* 0- 

2 5-»-33( —8 ) ■ — 

— ^3.68 ( 8) 

4q»36( 9) 

46.171 9) 

60*0 

28. O ( 9> 

36,41 ( 9) 

43 .09 ( 9) 

49*01(10) 

65*0 

3 I * 3 7 t 9) 

3 9,64( 10) 

46.39)10) 

52*64(11) 

7o-»0- 

• 35.564 1 t ) 

^ 3 . 8 9 ( i 1 ) 

50.97(12) 

5 | .74 ( 1 3) 

7 5’,* 0 

37.37(12) 

u5 . 09 ( 13) 

5,o.8'Zt 13) 

6 i . 1 0 ( (4) 

8 0,0 

48*231 15) 

r,6,.40( 15) 

62.35) 16) 

58.68(16) 

--85*0 

43.86 t is) 

50*18(141 

53.86(14) 

57.88(14) 

.90*0 

38.9Q( 1 1 > 

i)5.V5( 1 l ) 

5o.73(||) 

53.98(11) 

100*0 

32.901 7 ) 

40* 1 8 ( 7) 

45.401 8) 

49.241 8) 

l 10*0 

29 . 2 9 ( 5 ) 

-,6,671 6) 

42.03) 6) 

46*101 7) 

uo*o 

26 • 6 4 ( 4) 

•,4.QS( 4) 

39.49) 5) 

43.68! 6 ) 

1 3o * 0 

24.45) 3> 

3 l .88 ( 4 ) 

3 7.37 ( 4 ) 

4 1 ,62 ( 5 ) 
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~ l 2. 23? 


ISE INTENSITY AND- FREQUENCY AT X/D. = 25, 


.O.A.T.E' 0905 73' . 
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segment 

5 

SEGMENT 

6 

SEG1JENT 7 

4,24571 

3,40727 

2.62.7 18 

1,75000 

1,60000 

1 , 4S000 

30. 1 4 ( 

7) 

3 4 • 75 1 

8 ) 

40.43(10) 

33 . 57 ( 

7) 

38 , 20-( 

8 ) 

44 • 00 ( 10) 

35.861 

8 ) 

40, 52 < 

9) 

46.55(10) 

37.78( 

8 ) 

4 2 • 47 ( 

9) 

48.93(10) 

39 « 5 4 ( 

8 ) 

44.291 

9) 

Sj.5'6f 10) 

41.271 

8 ) 

4 6 • 09 ( 

9) 

48.49( J | ) 

4 3 « 02 ( 

8 ) 

7 • 95 ( 

10 ) 

55*4-1 (|1) 

44.871 

9) 

So.OO 1 

10 ) 

54.66) | 1 ) 

46.881 

9 ) 

*2*34( 

10 ) 

55.05) 12) 

49.(59(10) 

5 S , 2 3 ( 

1 I ) 

55.88) 1 *> 

51.68(10) 

S2*03< 

12 ) 

57 « 1 2,( 13) 

SS.&4T 1 1 ) 

99.47‘< 

13) 

58 * 82 ( 14) 

52. 68 ( 12) 

60 • 25 ( 

14) 

60*92(15) 

61 » Y0( 14) 

S 2 * 7 1 ( 

15) 

63.57 ( u> 

64,31(15) 

66* 1 8 * 

16 ) 

58,2.9) l 7 ) 

60.77(17) 

6 0 » 3 6 ■( 

16) 

59.81 (15) 

58,97(13) 

6a*94( 

13) 

57,8 84 13.) 

55.94(11) 

S6-. 70 ( 

12) 

56.31 (12) 

51 .P?( 

9 ) 

53*41 ( 

10) 

53.79( I 1 1 

49 • o5 ( 

7) 

60 * 94 < 

8 ) 

5 1 ♦ 7 4 < ?) 

4 6 , 7 9 ( 

6) 

4 a • 89 ( 

7) 

4 9 , 9 6 ( 9) 

44.841 

6) 

97 »C0 < 

7) 

48.321 8) 


SEGMENT 8 SEGMENT 9 TOTAL 
1.94626 1.30529 

t j, 30000 Ia-LMOQ 

39,89(tt> 37.90(13) 44.97 

4 3 i 2,1 1 i l )-. - - 4 i-«7XU3j ita^J.1. 

45.29(11) 43.4-31 13) 50,71 

46,93(12) 45.16(13) 52.70 

48>3.4(l2)-~ _46+63-U*i.i 

49*65(J2> 48.08(141 54. S 8 

50,91(^3) 49.45(14) 58.13 

52.22(13) ,5'0 . 8-7 (.1 5 ) _ 58,80 

53.6-1 f | 4 J 52,36(16) 59,83 

55.06,(14) 53.9006) 61,46 

56 1 69'( 1 5 ) 55.6206)'. 62.32 

58,60X16) 57.73-07) 65,30 

60.78(16) 51.8307) 66 , JO 

55*3.107) 59.2906) . 68,40 

62.08( 16) S6..4405) 70,42 

5B , 59 ( l 4 ) 5 . 4 , *8X14) 68,50 

56,4503) 53.33.0.4) 65,83 

. 54LMH3I 62,21U3> 63,37 

52,2801) 50,3202.) 60,09 

5q, 27 ( 1 0 ) 48.7300* 57*,76 

48,53(10) 47.28(10 55,85 

4 & ; 9 3 ( 9) 45.88(10) 54,14 



)4 q , 0 2 3.471 3> g9.-9.2-I— 3) -3S-.-9-4-1—3-) 49* 7 4 <-41 43.021 

|iO«0 ' 20*511 2) ?7.97< 3) 33.501 3) 37*831 4) 4j»i5< 

"160*0' 1 8 * 2 7 ( 2 » gS.73( 2) 3 1 . 28 ( 3) 35*621 3) 3<.97t 

, -HJtQ-fcQ- l~4-»-9-B.t — 2-t-: ?2.4SJ_21 28.0)04 4l_- 32 . 3S I _4 ). . - - 3B . 72 t 


5) 

95.341 61. 

_4 6 , 7 0 1 

7) 

95.391 

9) . . 

. 44 ».4_4 < LQ j 

52jlS8 

5) 

$3*53< 6) 

99 , 97 ( 

7) 

93,691 

0) 

42.851 10) 

50, 7 5" 

9) 

91.391 6) 

92 * 88 ( 

7) 

91,571 

8) 

40.851 9> 

48,63 

.91 

58.161- S3 . 

. .3?,66i 

.?> 

38*371. 

$ ) 

37* 6„?i ?4— . 

45,93 


98 » 02 55.73 6J.36 62*97 66.f)7 


' ' \A2 } .83*77 ft 3.37 8 2.72 01.77 ' ~ 80.90 

' V 

36.58 u3.36 *18.98 SgJ 3 3_ 69. 9 1 

37.37 95.09 50*00 53.6I 55.75 

39.95 q7.07 51.70 55. 03 57.08 

. 91 .8 1 y-9.,26 53.58 S^.S4. 58*26 . 

99.27 5 1 . 93 55.92 58*09 59. qj 

95*89 52.59 56.72 59*J6 60*27 

* ^44^-84 sO-^4-8 55.83- Sb.9-8 60.32 

39.59 3 1 .02 5o*32 55.78 56,97 

13.60 20.50 37.32 97*31 53, $8 

_ — -99.00 -^9.00 =£9.010 2_S-»-La 9.UA3 

-99*00 -99,00 -99.00 s 99«00 -99.(jQ 


67.96 67.01 65,00 63.33 73. ?9 

78.98 ' " 75.80 72766 66*77 “ 

55«73 _ 65.08 53,93 6 0.97 

56.52 55.65 83*89 50*71 

57*38 56,27 59*30 50*98 

.. 58*27 56,3.3 5 H, 73 5.1-t.ZS 

59*16 57,62 55*31 51.69 

59*93 58.29 55 i 85 52*03 

60--36 58* aZ_ 56 , 17 52 jl95 

99*97 59.21 56*83 52.89 

57.90 59.00 57,12 53.33 

.52.75 57, 7.2. 5.7*05 S3, .7.5 

91*76 59,92 56*26 59,09 


Table A-^c : The shear noise intensity and frequency at x/D = 25. 

Pi*.TE_oaO&2. 


CoNV£cTl°N mach N0.» 7.000 


SPEED OF SOUND PATIO. 2.5n ?0 COdC« 1 


SHEAR NOISE iNTENSlTr(DEClBEuS) WITH FREQUENCY BA n D NUMBERS 


ANgLE SEGMENT 1 
(DEC) MC 6.86139 
* 2.36 000 


segment 2 segment i segment 9 segment 5 Segment 6 segment 7 

6.96181 5.89689 6.08309 9*29571 3.90727 2.62718 

2-*2-0tfQQ 2^-05000— — 1-» 9-0QQ0 *-♦ 7 5000 — -4 .60000 l-»-=L&000- 


SEGMENT 8 
1 .99626 
M-JOQOO 


SEGMENT t 
1 ,3862? 


TOTAL 


5*0 

-9*091 

3 ) 

9.911 

3) 

11.531 

4> 

1 0 * 101 

5) 

24.981 

6 1 

—1-0*0 

— -*-681- 

-jJ — 

7.,_7.7_l_ 

44 

I4.-9Q1- 

-43-- 

2^97-1- 

54 _ 

— 27.A71 

6-1- - 

15*0 

1 *571 

3) 

TO. 01 1 

4) 

17. 19( 

4) 

23*721 

5) 

30. 14T 

61 

20*0 

3*95 t 

3) 

,1.891 

9) 

19.0H 

4) 

25.611 

5) 

32.061 

6 1 

1r . n 

c.?nl 

9 * 

.3.631 

« » 

20-35-1- 

.5) - 

2-7,-354- 

5^ 

.. .33,851 

6.1 - 

— b 1 U 

30*0 

6*991 

9) 

J U- T u 

T5.3S1 

91 

22.971 

5) 

29*091 

6) 

35.641 

61 

35*0 

8*711 

9) 

T7.101 

5) 

24.221 

S> 

3 0 *871 

61 

37.501 

7 1 

9q*0 

10*601 

5 ) 

Te.9a( 

5) 

26. >01 

5) 

- 32*781 

61 . - 

39.59 1 

.7 1 

95*0 

12*651 

5 ) 

?1 .02* 

5) 

28.151 

6) 

34*901 

71 

91.831 

8 I 


31 *21 < 
39«i3 * 
S6 • 96 1 
38.961 
90*87 1 
92*83* 
49*931 
47*321 
6 o « 1 9 1 


71 

90*271 01 

in.Qii i) 

Hum 9 } 

Uif t ( Q } 

J9.061 * 1 | 

47. 361 1 1 I 

45,25 

48,6? 

7 )- 
7 1 

96 * 9 8 ( 8) 

96*491 91 

44.44m i 

50,88 

71 

99.00{ 8) 

98,01(10) 

46,09(11) 

52,86 

7 1 

5 *.» 8 6*— 9 1 

.49.354404-- 

47.521121.- 

48.05(12) 

54 ,9.3 

54,56 

81 

98,991 91 

50*681101 

81 

56*39( V> 

-51,7711 1 1 

50*13(12) 

58,58 

61 

55.52(101- 

52.99 UU- 

5 1 .90X44 j 

58,91 

91 

55.85(10) 

54*291121 

52,83114* 

59, #6 



5 0*0 
-SS-6- 


1'Hi, 

-l-7-.;89-(- 


5) 

-<A- 


60*0 
,65 <0 
70 * Q 
75.*, 0 
8'0 • 0 
—6^* 

9,0 *;Q 
1.00 •0 
1 1,0 *0 
I 20 *.£) 
1:3 o • ,0 
+86-Q- 
1,5 0*0 

i-,6,0 • 0 

I 70 • 0 


2.0 *;56 ( 7 ;> 

2,8 »,H i ( ,8 * 

29. t eo( -9-'> 
,37. 37, (1 l.) 
99. , 03 1.1, 3 > 
-9,3 ».86 (1,3-) 
-9 .9, 0 0 ( -9> 
15 . 4 3 ( 

1.8. 1*4 r 
1,2 .-39 ( 
10.68 t 
— -8*‘99( 

-7 .*20 < 
.5.Q6 1 
I . 83 C 


6 ) 
8) 
3) 
2 ) 

1> 

1> 

(?) 


,87.79 


2'3.2'5 < '6 * 

— ^ 5 .'8-3-1— : 6 ) — 
?8 v 93'-( -7) 

j -2 *18 6 ( ,8 ) 

-. 3 a. 5 2 (..?)■ 

45,091 I I 1 
e.7 ,0.8* 1*4') 

— SO » HM-l-3 1" 
-.99.00* 9) 

22.-82* 6) 

2 1.291 8 > - 
I 9 , 6 2 .( 31 
.77. 9.6 < 2) 

— 1 6 . 2 9 - < —*!-)- 
-, 8 .,52 * I) 
7 2 i 4 q * i) 

_9 »,'1’7 * -I 1 
^•5.98 


3,0 .-8 1 ( :s > 

-3:3*OSf-7>-- 
36.28 ( ;B) 

i8 6*'5,0( 9,) 

-8 6.89 ( lb)-- 
5q * ®‘2 ( t 2 ) 

6 2 • 7,’8 ( 1 4 ) 

— 53 .86- (-1-2) 

t-9-9 *.0Q ( 9' 

2 7 .'8 6 ( 6) 
26.6 3 f >5) -- 
25. ’I'M 3) 
23.53 1 ,3) 

-- 2l*92(-;2) — - 
20*»-8( T> 
18.081 1) 
|8.87< -lil- - 

,60.9-9 


'3 7. 72 7' ( 7) 

---.80 »09 ( -*.8)- 

■ 8 3 .,6 6 ( i9 •) 

-80. >5-9 I 10) 
-5). 78*1 I > 
61 .70*13) 
58*68 ( 15) 
— 8 9 ♦ 7,0 * U2>- 
- 9 , 9 . 00 * 10 > 

3i.-23* 7) 
3 0 .83( ,5) 
29.-581 8) 

2B * 0‘9 * 3) 
-26 .56(— 3 1 - 
29*88 1 2) 
22,81* 2) 

1 9 . 6 2 * - 2 ) 

6 ( ,.-26 


9 8-.'8-9'( 18 ) 

- :87 .’79 ( 9) 
52.30,* 10.) 
‘52»6'8 Ml) 
6 1 V7 I * I 2 > 

,68.74 (18 » 

6 0 • ‘2 T *'1.5 * 
83 . 89 ( |2> 
-99*fl0H0> 
33.87 ( 7) 
38,tJ8l .6) 

3*3 . 0 8 -* 5) 
31. S0( :8) 

3.0. 3-9* -8,1 

28.. 7-8 ( 3) 
■26.77 ( 3) 
.23.601 3) 

65.01 


*'S,’3 *18 1 9 * ‘>90 

'5,2 .,03* l-0> 
,6-0* 18 *”1 1-1 
-fi q « J .$ 6 * -i;2i 
-6 3‘* 1’8* 1 3) 
,66.-38* IS) 
6.0 • 36 * 1'8 ) 
'82.05* t 2 > 
-§9.00*10) 
35.137* 8) 
36*25 ( 7) 
-35.67* 6) 
3-8 * l 6 6 * 5 1 
-'3‘3 »‘-8'2 * -5) 
31.192* 8) 
■2 9. '9 8* 8) 
•26.85* 9) 

•6-7- *27 


•-.56 4,6'2'M f) 
':57-.7'9(„l,t"l 
59-. '38 { i;2'l 
.61 * 36,( 1,3,1 
,6 3 .'8!2 ( I'M > 
58*29( |5.) 
50.951 1.3) 
*39 1*28 ( 1'2 ) 
-99*00( It) 

3 5 *6 6 ( 9 ) 

. 37 .136, ( ,18) 
■3 7..’2a 1 '7) 

3 6 . 60 { 6) 
„.;35i38< ml. 
■3 8 4.7 3( .6 1 
.3 2. 3 6 ( *9) 
J29 ..'3 1.1 .5) 

*65.72 


*5,5 .*5tvP21) 
:&7,M!8 1,1.3) 
-58 .’9.6-( ) 4) 
•60,'9.9( ('5 ) 
55131* l‘S3 - 
57 ; 38 1 1-8) 

8 6,7-2 *1,3) 
36.77 (12) - 
-«9 9., OOltll’) 
-33 .'-9:3< 10) 
: 36*09.( 9-)*. 

*36,37 ( 8) 
35,871 8) 

-i35<01-*-^7-)- 

33i"7B( 7) 
732.00* 7) 

. 28*98*. _7.L. 

6 3*80 


-5'.8..'77rV9’) 
-55-i‘S BUS,)- 
•;57- . 8 6 115 J 
51.8,3* 15> 
.'5 5. ,6'6 1.1 9 L_ 
,H7«'60* 18) 

- 8 0 » 3 6 M3 ) 

31-. S2 U2i 

'•99 *00 l|2 | 
;3 1.5 6 U 1 | 
-^H.sa-t-io i 
'.35*3 6 1 9) 
35 ..33 ( 9 I 

-J-8-.7-B 1 at 


’.33*7.6 * -8) 
32.13* 8 1 
7.9L.* 

.80 *8,1 


' 6 1 » T 3 l 8 
-67V91 
65,83 
66. .30 
.60 .'3 8 
70,10 
67*85 
_5A.3'9 
-'89.,‘46 
4IV92 

81.21 

83,08 
82.34 
-81.38 


80,08 

78,76 


72,68 


Table A-Afi: .The total noise intensity >at x/D = .25; 


_QA_t E..*0.9.Q5-2_3_ 


CoNVEcTjOJJ MACH NO.- 7.000 


SPEED OF SOUND -RATIO- 7-. -Sr) 


Vo -CODE- 1 


TOTAL NOtSE -INTENSITY t, n EC IBEU-5 ) 


angle ' 
1 D,E<S > 

se'g'me'nt"' i 

mC -6,86 139 

Segment 2 
6.8 6 1-8 1 

SEGMENT 3 
5 ,B q 6 8 9 

SEGMENT 8 
5,08308 

-SEGMENT 5 
•8,28571 
1 *.7A'nOD- 

segment 6 

3,80727 
~i * AOnnn 

SEGMENT 7 
)2.6'27 1 8 

-1 .4 5000 — 

SEGMENT a 
1 .’98626 

(.,:3oooo — - 

SEGMENT 9 

1.3852V 
1 . 1 c. r> n r" 1 

TOTAL 



— 







w . — 


5*0 

■ 8*35 

12.96 

16.37- 

19*88 

2-3*29 

25,85 

3 1 .,|8 

3^.38 

39,79 

<4 L * 9 4 . 

'8.3 J'5’8 
'86,86 

81*53 
_8JU-fl-6 

8'8,»'2 
5l1.,-53_ 

- 10*0- 


— 29 *-26 - 



-88.9 1 

8 6*9) 

53,81 

is * o 

10*05 

j-8 #66 

25.57 

31.58 

36.89 

82.10 

.89,63 

20*0 
- -2 5 * 0 

11*99 

•2,0 » 5,8 

■27.89 

33,. 85 

38.81 

•8 8.07 

5 J-197 

-50151 

88.66 

55*79 
_37 ,'B8 

- 13 *79 

22.36 . 

29*26 

35.21 

_ . . 8q» ! 57 

• 85,92 

..•5i*»7-2 . 

.. .. 8.8 

-50..J.7 

3,0*0 
,35.0 
*t 6 ♦ o 
95 lb 

1.5.57 

78. 17 

31.00 

36.-98 

82.32 

87,77 

,•5 J .’50 

5’3 , r.s 

5 1-* 8 9 

57 ,58 

17.38 

2,5 .,'90 

’32 .7-5 

•3 8.68 

■88.09 

89,71 

se*9i 

; 58.37 

5’2»!8» 

6 i, # *i / 

l 9 * 30 

27.78 

38.60 

-80.53 

•85.99 

5,1 .8 7 

58.12 

, . 55.63 — 

Silil'f 

_„6 l • 7.2. 

21*35 

•29.79 

36.58 

8 2.-51 

88.06 

5 8. ’80 

50, '88 

56*97 

,55*61 

62*66 

-50.0 

55*0 

23*55 

31.98 

3 B « ,7 1 

4 8.66 

50.-38 

57-, 62 

59,28 

.58, .36 

.57, 1 0 

6 H.# *t 3 

2 4 .9-9 

'38,38 

8( . 10 

87 . 1 3 

53.17 

, 55,08 

6o*’8'8 

-59*95 - 

SBE7-5- 

65.38 



*0*0 

AS'O 

-2© * 0 

75 ♦ 0 
80*0 

28*81 
32* (6 

36*58- . 

90*38 
5 | ♦ 65 

37,13 
90.97 
- _ . 95,00 
98.10 
,59.79. 
5^,19 

93.91 
97.38 

52.91 
53.83 
65.58 

- - 56. 87 - 

50.12 

59.08 

59.75 

69.92 

61.69 

. . 58.09- 

56.69 

55.69 
69*93 . 

67*59 
63*28 
59.10 

62.83 

63.58 

65.96 

69.29 

63.37 

69.03 - 

62.12 
64*16 
66.71 
‘ 6l.30 
6Q.34 
57.94 
56.31 
53.85 
- . .51*90 

50.19 

48*60 

9l7.»02 

61.79 
63,90 
58.32 
63.34- ’ 
58.87 
56.49 
54.81 
52.34 
50.43 ’ 

40.79 

4 7.25 • 

- . .IS, 7.3 .1 

60.81 

54.84 
60*86 
56*97 

54.84 

.53*30 
52 * 2t 
50*30 
.48*09 
47*55 
96.24 
. .1 44*8? 

9o*0 
100*0 
1 10*0 
120*0 
1 30*0 

38*90 

32*97 

29*92 

26*80 

29*63 

95.95 
90.26 
— - 36.79 
39.21 
32,06 

if) - ii 

50*73 

95*97 

92.16 .. . 

39.65 

37.55 

35 . 63 

53.98 

99,31. 

. ... 96.23 

93.89 

91.81 

_39.9.9 

55.99 

5 1 .96 

-.99. 1 9- _i. 

96.97 
95.05 

93.25 

5*. 70 
53.98 
51.05- - 
99,10 
97.32 
45*6-1 

I 50*0 

20*70 

28,16 

33.70 

38,09 

91.39 

43,82 

45.32 

44.07 ‘ 

43*35 

1 6Q*0 

18*97 

25,93 

3i .98 

35.89 

39.22 

41.69 

*♦3* 25 

42.02 

41*39 

1 7q*0 ~ 

15«1& 

22,65- _ 

28,21 

. . 32. sa 

35+98 

38,47 — - 

._ ... 4 0 , 0 6 

... 38.85 . 

. J8 *.27 


50*92 

58.62 

69.19 

65.21 

68.58 

70,69 

69*42 

67,77 

65*12 


68 , »8 
69. <| 
71.10 
73. Z0 
7 1,02 
66,32 
63,37 
60,15 
57, n 
56,87 
51,91 

52.8 1 

51.09 
99.01 
96.82 

76,39 


Table A-5a: The WKBJ integral and run parameters at x/D = 30, 


tmeta«r*o> 

S < 2 1 i 

S I 4 1 ) 

51611 

5(01) 

st ion 

5(121 1 

S( 141 I 

S( |gt ) 

5(101) 

.00 

, 14402+Qi 

. 12772*01 

. 1 1215*01 

.98431*00 

i87768+o 0 

,82193*00 

. 76473+00 

. 67o96+oo 

, 56 t 17*00 

c . nn 

, | n I 7 9 + Q j 

* | g55g + Q^ 

9 j j9 9 7-+-QJ 

,96283*00 

+Bn&RlJ-nh .flQlA7.*Xin- 

_ .*-7-4.363*00- - 

-,6.49+6*00 

-+53900*00 

a 

jo . 00 

, 13735+oT 

.12115*01 

,16567*0! 

.92067*00 

18 1 537*08 

* 7620 1 +00 

.70272+00 

,60766+00 

,49807*00 

is. 00 

,13238+0] 

, I 1 6 29 + 0 f 

. ico44+or 

,87476*00 

,77123*08 

.72059*00 

.,65084 + 00 

,56200*00 

,45285*00 

20*00 

,12724+0,- 

- ,1 1 132*01— 

- . 9^,4 57-+00 — 

— +0-2-902*00 

+72609*015- 

*6 8 02 fl *00- 

.63 526*00 — 

,51766*00^ — 

-+407 49*00.- 

25 * On 

, 1 2 2 1 6+0j 

. li] 646 * 0 ! 

.9 | 551*00 

.78582*00 

.6084 a *Oo 

,64396*00 

.57495*00 

,47582+00 

,36487*00 

30.00 

, 1 1 619+0, 

. 1 0080*0 1 

.84,216*00 

.73625*00 

.64375*0(3 

*60231*00 

. 52865*00 

,42785*00 

,‘31598*00 

- 35+ Og 

» 1 io3a+oi — 

— »-953flS*-0g-- 

_+8 f 2j.4 + 00— 

— +694-3 8 *-00— 

,Ag536tOO- 

— -.5653.1*00- 

. i).8 619_*00— 

,38285*00 ».2ZQ9?.*O0_ 

40.00 

, 1 q27 1 +0 1 

• 882 | 5 + 00 

.74623*00 

.63176*00 

155461+09 

.51363+00 

.42092+00 

,32203+00 

.21097+00 

45. 00 - 

,96186 + 0 - 

. 02350 + OU 

.69990+00 

.50914*00 

152489*00 

,47696+00 

,38599+00 

,27736*00 

,16628+00 

50, Qg 

• 08035+0 -+■ 

75889*00 . 

. • 6 UQ 1 Q+-00 — 

. .5.461 1*00- 

. ..,5g032*09_ 

1 9 3 5 9 8 + 00 

,-33 645*00 

,22764*00 

,14095+00 

- 55. Og 

.79706 + 0"' 

.68053*00 

.57538*00 

,49883+00 

141.074 + 00 

, 38 , 28+00 

,27727+00 

,16593*00 

,62511-01 

60*0o 

• 7o0O5+O - 

.6 *j 837*Oo 

.52371+00 

.47844*00 

,42140+00 

»328O 0 *OO 

.21854+00 

,108fc8*oo 

,19636-01 

65»Go- 

,6g569+oi 

»S35j 1 *00 

,4fl902*00 - 

.-.4.4545*00 

.36108+00 

*25571+00 

.....14400*00 

, 4434910 1 . 

..Z7145102 

70. Og 

,55564+0 • 

.5 1 923*00 

.45753*00 

,37106*00 

*26646*0(3 

. 15461*00 

.52302-01 

,41 2 £2^02 

, 10042*00 

7S.Oo 

.53771+o; 

.44351+00 

,34084*00 

.23039+00 

, I | 972+00 

.26306-0 1 

,24429,0* 

,14949*00 

,36504+00 

80.00 

• 28335+0/*. 

. 17478*00 

,75189-01 

.4! 7Q6-02 

* 5S40 1 “01 
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- ,4.2066*00 

, 72 1 9 1 *00 - 

.11120+01 
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Tabue :A-5b: ; The ^SEliF : noise intensity and frequency at x/D .30., 


JUiELaiAflSZ^- 


.CoNVEc'T jO.N HA.CH NO." 5. 906 


'SPEED OF SOUND R'AUtl. !2.'6'0 


'V 0 .'C0DE« 1 


‘SELF N(jj J 5 Ej\J‘NTENS I TV (,D,E P.I BELS ) WITH FREQUENCY BANq 'NUMBERS 


ANGLE SEGMENT 1 
(DEG) mC 5.293o7 
- , A.. , 2 -, -9 4 0 (; 0 


Segment 2 
9.98983 
2 + 2 * 000 -- 


SEGHENT 3 SEGMENT 9 SEGMENT '5 

9.51096 3.92120 3127527 

2-^l-?600 — — 1 .- 9 6 OOP 1-.B0OOO- 


5*0' 
T0*0- 
15 » 0 
20.0 
25+47- 


5.7 i I _6> 

-^+1^4—64- 


M « 9 9. { 6) 

l 3 « 96 ( 6 > 


-T9.2,e( 6) 
-j- 7 -,- 7 - 2 ( — 64- 


30» Q 1 7 ♦ 08 < 6> 

3S.0. 18.91 { 7l 

—90+* -20+8* 1—74- 

95*0 22.92 ( 7> 

50*0 25 • t 7 ( 8> 


? 0.07( &) 
22.03 < 6) 
-2*-+8-3-t— 64- 


60» 0 
*5»0 
- 70*0- 
?5 ..0 

80*0 

-85.0- 

’ 0*0 

iod«o 


30»'8Ot 9) 
39.99 { t6> 
__3 5. 8344-2-1 


9 1 . 7 6 ( I3I 
99*391 15> 
37-.90<-l-9*- 
36*26 ( 1 | > 
3 1 * 58 < 8» 


;5.69< 7) 
37.991 71 
„ 2.9.»4 |. C- 7.). - 
3 1 . 92 ! 8) 

^ 3 « 66 ( 8) 
...i, 6.,2 S-L- 9.4- 
39,36* 1 , 0 ) 
93,89! I l I 
.43+40 i 1-2 ) 


50.39< 19) 
51.38(1 6 ) 
--.44..|3l 191- 
93.56! 1 | ) 
,9.08 < 8 ) 


21*19! 6) 

- 29.69-( -74- 
26.9.9 1 7) 
28.96( 7) 

— -30»7-6( -74- 
32.57 ( 71 
39, 38 ( Bi 

- 3 6.35 (..-8-1- 

38 , 39 ( 8) 

9q . 69 ( 91 

— 9 3.92 ( 10) 

96.93(101 
96..71 ( 1 1 ) 

-52.06(13)- 
57 , p5 ( 1 9 1 
55. 721, l4 ) 
51.73! (3) 
98.60(1 1 1 
99»99( 9) 


SEGMENT 6 
2, 648 96 
.1-.-6AO00- 


27*23! 7) 
~3 q *6 94 — 7-4 


33*06! 7) 

35*09! 8) 

— 36+874 —8~) — 
38*71 ( 8) 
96+57! 8) 
—9 2 + 63 (-9 ) - 

99.82! 9) 
97.91(10) 
-56.93! L04- 
99*39(11) 
59*08(12) 

. 57.4 6! 1.3 1_. 
62*03! 15) 
58.16! 16) 
59*72! 13) 
52419(11) 

il -Co/ Q \ 


32.95! 8) 
36.951 -8-1 
36.57! 8) 
90.99! '81 


8,3.59! 9) 

-95* 72 (— 9 )- 


96.79! 9) 

97 +59 < '9) 

92+ 894 -94 M8+-39 M 03 


9 9+'9 1! 9 ) 
97.00!. 9) 
89.75(101- 
99.93(10) 
59.01! I 1> 
53.82(111- 
55.23(12> 
57.71 ( 13) 
61.22115) 
69.80(16) 
59. Q| (15) 
56*90 ! 1 3 > 
59.384 12) 
51.35410) 


39. 18< 101 
'50*09 ( 10) 

- 5 1-+23 T 1-1-4- 
52.98! 1 1 1 
53.90( 1.21 
56+ 7 9! 13) . 
67*88< 13) 
80*50,! 181 
.63*39(16) 
99. ) 9< 16) 
5 8.79 i | B > 
56.93! | 3 1 
95 • 9 9't ) 2) 
53*03(10) 


SEGMENT 7 

2.02668 

L1+-9-8000- 


SEGMENT 8 
1 .'50160 
j ,32000. 


SEGMENT 9 
l ,06865 
t . 14.000_ 


38*70(10) 
.._934 09-(-|04-- 
99 43.1 t 1 1 ) 
96.08(11 ) 
—97.614-144- 
99,10(11) 

50.53(12) 

-52.12(12)- 
53+65| 13) 

5 5 * 3 9, ( 1 3 I 
-57-+27,( 1-91 - 
59.31(15) 
61.59(16) 

. 63,88(16). 
58. !7(,l6) 

5 7.59( 1-9) 
56.38(13) 
55.35(12) 
53.55(11) 


99,321 1 2 ) 
96»,I5( 121 
97-, : X54 434- 


99.3.1 < l 3 ) 

50.79(1-3) 
-5,2,924 1-94— 
53,96(19) 
55,59(15) 

5 7 .39-4-1-54 — 

5 9 ,2 2 ( l 6 ) 

61 J36< 16 ) 
_._5s^7jSU 4-6)— 
59 ,Q7 ( 1.5) 
56 i 97 1 ( 19) 

- 5 5 , 3 B ( 1.3) 
‘69,19(1-3) 
52i I3( 12) 


TOTAL 


'38 , 6 1 ( j’2 ) 37.73( 1,3) 96.61 


93+97(19) 51.28 

95 »,3'2 ( 1'9 ) .52,7.8 

-46.93( 19) -59.,4-6- 


98,98( 1.5) 55,57 

99«’96()5) 56,99 

9| .57( 15) 5.8 , 69 

63.06(16) 59,99 

59*65(16) 61,99 

56J-1LB !.L6.L .6.3,54- 

58,86(16) 65,50' 

S2 • 98 ( 16 I .67,00 

-56j 158JLLSJ 68+1-iL 

68,99 

66,1 1 


59*89(19) 
53*67 ( 19) 

r n . i Q ( I 1 i 




-1-10*0 

-2 3 * ( 7 * - 

— ^6.06 L 

-7 ) - 

- 41 .63) 

7) 

4s • 88 * 

81 

49. £1 ( 

1 2o*0 

26.071 

6 1 

3 3 . 70 1 

6 1 

39.36) 

61 

43.741 

7) 

47.C&1 

130*0 

24*03) 

5) 

3 1.691 

5) 

37.39 ( 

5) 

41.871 

6) 

45.291 

.140*0 

- . 22 • | 54- 

-4-) — 

-25-.-02-1- 

—4-) 

--35. 57-{- 

.5) .. 

. .. . 4(3*09 1 

5) 

43.601 

l5o*0 

20*251 

4 1 

27.931 

4) 

33.701 

41 

38*261 

5 ) 

4 J . 8 1 1 

160*0 

13.05) 

3> 

75,741 

4) 

31.521 

4) 

36* 10< 

5) 

3$. 691 



-1 ? • 47 ( 

-3) — 

) 

4-1 


-36.47* 


48.31 


53.46 

59.05 


63.34 

- 

66.23 

'&2 ■ 

82.57 


82*09 


8|,33 


Bp. 2 1 


78.64 


8) 

Si * 05 ) 

9) 

51,98) 10) 

50.471 1 1 1 

49.03112) . 

57.00 

7) 

4 9 , 32 1 

3) 

50.52) 

91 

48,98110) 

47.81(11) 

56,87 

71 

47* 72 1 

a ) 

49*111 

91 

47*56(10) 

46.591 1 1 1 

54,77 

6) 

46» 1 ? 1 

7) 

47*66) 

8 1 

46*111 9) 

- 45 -, 3 OX Lol 

— 5j3l, 26 

6 1 

44*42< 

71 

46)04 ( 

81 

44.51) 9) 

43,81(10) 

5 | * 82 

6) 

4 2*34) 

7 1 

44*03) 

8 1 

42.501 9) 

«1 .B81 10) 

49,59 

5). 

39»14l 

6) 

40*87) 

81 

39,351 _9J_ 

3 8 *-7-8.1 .1 Ol — _ 

_46.92 


66.32 


66.74 


65,32 

63*06 

73.40 


7&»45 

- 

'73.43 


69.24 

63.34 



37*44 - u5. 18 Sfl_8_Z3, 

39.18 46,81 51.62 

41.07 4 8 « 54 53.07 

, - 4 - 2 -.- 9 -9 &0-.-22 54-^-HA. 

S'*. 51 51.38 55.52 

44.52 5>»00 55.54 

HI-^2-5 <*21.53 53-«-42. 

33,32 39,79 48.00 

19.44 ;>6,25 38.19 

-9 9 . QO <=l9_9.»O0 1-8,.9-U 

»99.00 -9’. 00 *99.00 


53.93 

55 .87 

5.6...6J 

55.O6 

56.71 

57*22 

56.21 

57.57 

57.84 

e; 7 # 2 Q 

5 8 . j9_ 

5 8.4-3- 

58*08 

69.0? 

58*95 

5g. 16 

59.39 

59*28 

G j . A | 


- - 59-» 2-4 

53.09 

57.35 

58*54 

44*04 

5 3 • 6 8 

66.73 

33.59 

9-Z-.46 

53*20 — 


*99.00 35.22 47*01 


55193 54 j 1 1 51*34 

56.35 54*38 51.46 

56.78 54.67 51.62 

57.71 5 4 .-9.7_ 51.80 

57163 55129 52.01 

57*97 551*0 52,24 

58. 17 5s.*A7 3-2-.JA 

58.10 56,06 52,72 

57.57 56411 52»95 

.56 ^28 55*9.0 S 3 . -1. 3 . 

53.77 55,27 53.24 


Table A-5c : The shear noise intensity and frequency at x/D = 30, 

pAyF 040573 

CoNVEcTjON MACH NO." 5.40fi SPEED OF SOUND RATIO" 2.*0 Vo COqE" 1 


SHEAR NOJSE INTENSITY! DECIBELS) WITH FREQUENCY BAND NUMBERS 


ANGLE SEGMENT 1 SpGMENT 2 
(DEG* MC 5.293 0 7 4.98483 
— ; a 2 -.- 440#0 2*20000 


segment 3 segment 4 " segment 5 
4.5)046 3.92)20 3427527 

2_._L2.000 — l_.J9.6OO0 1 .80000- 


5 .0 1 . 24 ( 4> 9 • 73 < 41 


_j*^ 62-<--43 ?3.-l2< -41 


l S 1 0 6 • 9 2 ( 4> 

20*0 8.841 4> 

-2-S-.Q MJ-.64 < - 4-1- 

30*0 12.441 5 > 

35*0 1 4 • 29 ( 5 > 

40*0 16.321 5 > 


76,421 4) 
77.351 5 > 
79,1-44 -5) 
20.951 5) 
7, 2 . S | < 5) 
^ 4.85 1 . 6 ) 


17.061 51 
2 Q.-4 7-1-5 L 
22.78) 5) 
Z 4 » 73 f S) 
26.55) -SI 

28.39) 6) 
30 . 29_t 6) 

32.40) 61 


24*131 5 1 31.671 6 1 

-2^551-5.1- 35. J41-6I 

29*9q( 61 37,57) 6) 

S^ROl 6) 34.69) 7) 

j 3 .J77-t— Ai 41.75) 7 1 

35 » 7o I 6) 43.95) 7) 

37.711 7) 46.401 8) 

4)} • 00 1 7) 49.461 8) 


segment 6 
2.62846 
1 . 6^000 

45«13 ( 71 
- 47.261 71 

48*251 7> 
48*991 81 
49.681 8) 
SO* 46 I 8} 
51*31 I 9) 
52.37« 91 


SEGMENT 7 

2.02668 

1..-4&00Q — 

40.37) 81 
— 43. 684—81 — 
45.81) 91 
47.50) 9) 
48*95 ( 91 - 
50.35) 101 
51.701101 
53.17(10) 


SEGMENT 8 SEGMENT ? total 

1 • So 1 40 I .06868 

M 32000 1 « 1.6000 

40. 1 9 1 1 0 I 3 9 » 1 0 1 1 1 1 48,05 

431 5-31 1-0.1 9-2.451 1 U 50,8.1. 

45,71(101 44.64(12) 52,91 

47,45(101 46.371121 53.90 

"S0.40MI ) 49.311 13) 56,47 

5 i J 78 ) | 2 > 30.68( 13) 57,79 

5362711.2-) 52-*-13j114J _ 59.33 



0*0- 
it 00*0 
440*4)4- 


ie.5ot 6> 
20?9f( 6,> 
■ : 23y^ 8 t; 7 t > 
<27 »73L- 8 ) 

3 a i t d r: 9) 

42.92! 12> 
50*08 1 I9> 
- 37n h 90 f4 g 4- 

">99.00 Mp‘!‘ 
IS.6S! 7 T 


120*0 
i 3 o*o 

■10 O < 0 — 


ItSo.O 

•I 60*0. 


1 9 ♦ 0,1 ( 9 I 
1 2 .584 3) 
^44* 0 6 4 — 3 > 


p7 t 05 ( 6 ) 

2 9 .s?< 7 ) 
!- 2 - 1 - 
j4*58( 6) 
^2i50( 9) 
-i^3-*.20-Li-02- 
5I .37< t 2 > 
C 1 » 38 1 1 94 
— , 50 1 1 2 ) 
«9 I? *00! 10) 
;2 .79! 7) 


- : 9*38(,-2»' 
7..32{\2>' 


98.59 


£1.004 9) 
20.021 3) 
, 7 6 , 53 !.. 3 ) . 


3,9. 6?( 7)' 
37 * 38 ( 7) 

■ 0g» 73 ( 8? 
95 . 30 (1 9) 
96.7I( IQ) 
-53*03 (-Y-I-)- 
57.91 ( 13 J 
55.72( | 9 ) 
-38-.-7-8-(-l-2-)- 
*99 *00! 10) 
27 » 96 ( 7) 

-2a.,06-(— 6-1- 


.,2 


6*881 2) 


27,09( 5) 
25.751 9) 
-24*430^-84- 


9’2 » 5 7 1' 74 
95.73t 61 

-5g» I 6 1 — 94 

99*39140) 

5c. 031 I 1 ) 

-S 8 i 0544-24 

62.691 13) 
58*16(15). 

-9fr< 

999.001 10» 

3|.eti 8) 
—32-05-4-64- 


7.9 .,’ 8,31 2 ) 


52.91 


'22'*’ 7 2 1 3) 

'20.69< 3) 


58,38 


3| .581 
30.951 
-2903-4 


5) 

94 

-94- 


27.591 
25.61 1 


62*8’ 


3) 

3) 


9 9". 0 3V 8)' 
55.091 9) 
59.81(10)- 
56 • | 8 ( | | ) 
58.59112) 

6 1.9? (.1 3 1 

65.11(19) 
59.01(19) 
-00.03-1-1 24- 
■99. 00(10)’ 
39.99(8) 
-35-. 6-14—24- 


35 » 1 8 ( 6) 
39.27T 5.) 
33.101 5) 
3 1 * 49 ( , 9) 
29.731 9) 


65.90 


5-3,52 1 IQ) 
50.921 10) 
56*861 | 1 ) 
50*71 < 12) 
61 * 17113 ) 

-6 3,80 1 1-9)- 
59.19115) 
51.17(13) 

- 39 * 0 - 34 - 12 )- 


*99 . bo l 10) 

36 » 00 1 9) 
-37 ,8-1-1- 84- 
37-81 1 7) 
57 * l" 9 < 64 


39*891 5) 
3,3 i 06 1 5) 

* -54- 


50.62(11) 

56,21(12) 


50’t 7 0 ( 1 34" 
56*201 13) 


53>ST4 | V> ; 

59.971 19) 


6CT>8.' 

62, AO 


65.30 


S'9 , 90 ( 13) 
61.92(10) 
69-.02 ( 1 51 — 
58.4 1 7 ( 10) 
97,13(13) 
47,374 12)- 
■99 *00< It) 

3 6 » 28 ( 10) 
.38.85 ( 91 — 
39 • 37 ( 8) 
391104 7) 
_38-*38-( 7 ) - 

59.51(19) 
61 ,984 15) 
Stf i 7R ( [ 0 ) 

58*91 1 1 9 4 
52,98(19) 
Cp. 97113) . 

65,95 

67,05 

68.99 

52i 19( 13) 
09,131 12) 
m nm 1,) 

99.931 13 ) 
38,79(12) 
30. A 7 1 17) 

68,7,7 

63.58 

97.59 

-99,001 | I 4 
39196(10) 
37,371 9) 

-99 *00 U l > 
32*051 tl ) 
35.694 loi 

-89,06 

**2,51 

3 8 1 08 ( 9) 

38,001 8) 
3 7 ; 9 ? ( n ) 

36.93(10) 
37.264 9) 
^7. pot 9 i 

99,98 
99, 67 

0 3-, 90 

37,29 ( 6) 
35*521 6) 
.35 ,534 6-1 

36(381 8) 
39*791 7) 
3 1 (794 7) 

36.191 9) 
39.711 eJ 
91.851 8) 

92,53 

91. IJ 

65.69 

63*92^ 

60.56 

72,36 


Table A-5d: The total noise intensity at x/D = 30, 


-05 fE 0905 7- 3. 


CoNVEcTtON MACH NOi« 5,000 SPEED OP SOUND RATIO- 2.6o Vo GODf* 1 


-/ a'- 


T 0 T AL ' ' N,0'l SE f N,T E N S t;T y 1 &EC I B ELS ) 


ANGLE 

IDES) 


SEGMENT t 
mC 5.29397 


SEGMENT 2 

9 . 9 8 R 8 3 


SEGMENT 3 
9.51096 
2*4-20044 


SEGMENT 9 SEGMENT 5 SEGMENT 6 SEGMENT 7 SEGMENT B SEGMENT 9 
3.92120 3 J 27527 2.62896 , 2.02668 1.50190 1.06B6S 

I . 96Q QQ 1.^8-0000- =—44-6-00 00 , - — MA& QOO — ( -.320 00 —1 . 4.6 000 , 


total 


5*0 

k 7*6^ 

15.59 

22*61 

28.96 

35.37 

1 n t Q 

■ 1-0 b 

1 9 , d t 

f 0t; 

32,0-1 

38 ,-85— 

1 5*0 

1.2.79 

21.35 

28.39 

39.77 

91.28 

20*0 

19.75 

23,30 

3q . 35 

36.76 

93.37 

, C ifl 

1 6 * 5 

2S*-1 0- 

T| ^ ^ \ 6s 

- 36.60 

-95.36- 



30*0 

18*36 

26,91 

33.97 

90.97 

97.97 

35*0 

20*19 

28.73 

35.81 

92.39 

99.76 

90*0 

22» 1 8 - 

30.71 

3-7* 8 2 

0 9*52 

52,62 


97.92 

92.62 

92.98 

;8l>*0? 

50*90 

u9.t;A 

0C 197 

95.86 

' 09.87 

--5A.JLP- 

50,59 

9&; 19 

- 98.08 

97.1 1 

59,95 

51.36 

99.85 

99*86 

-s9 8 . 8 9 

56.2(9' 




c. Q . 0 4'^- 

53-.7-1- 

52.88 

52*78 

52.90 

SI *95 

59. Q5 

53,75 

59417 

- 59,33 

53*39 

60,92 

59,85 

55*69 

55.88. — 

5*ufli 

— 62.01-' 



52*99 
57*56 
57*15 
58*79 
6 I ♦ 1 9 
. 69+S9-. 
67*97 
62.02 
-54=54-- 
S<t*38 
5 1 . M3 
-9.9-* Zl- 
97*33 
95*62 
.—93. 9 7 
92.21 
90*11 


69*08 


5^.03 
57.95 
59*23 - 
61*33 
63.86 

*6.61 

62,15 

59.99 
“ 57 * 00 

55.99 
53,11 

-51 ,25 

99,62 

9® * 08 

-96.5-5 

99.88 
92.82 
- 1 S. 6 M 

*8,85 


57.18 

58*80 

. - 6 Q , 66 --. 

62 183 
69.7S 

6**96- 

6 ] ,18 
57,92 

56.-93- 

55*35 

53*49 

524 1.9 „ 

5o*89 

99*52 

9834-9— 

16.58 
99160 
9-J-* 9 7— 

69,36 


57.35 

58.9J 

60.63 — 

6 2,38 
69,93 

58 -, IS — 

59, 88 

57.19 
55. 9 2 — 

59.19 
52,21 

99*32 

98102 

96.66 — 

95,13 

93,18 


67,98 


56*3(1 
57*83 
. 59. 5JL 
61*89 
55,99 
57, ht- 
55,31 
53,81 
S2 jJU- 
51*82 
>50i90 
99,2S 
98. 15 
97. 0* 
95t-9.ll- 
99,50 
92 , 6 s ! 


45*00 


AND RUN PARAMETERS AT X/D = 35, 


5(1011 
189936+Q|) 
4-8-76-1-9*09- 
183978*00 
»78936*0§ 
,.7 9632*00- 
* 7 1 097*00 
, 6 ^ 998*00 
-*6-2 69.9 tQo_ 
157229+0& 
*53635+00 
-.-99 8.95*00- 
,99924+00 
,38569+00 
_,3(l563 + Oo . 
1 1 9390 +Ofl 
,99938-0! 
.119B19+J0O 


51121 ) 

,8300’*00 


SI 191 ) 
,73591+00 


, 7692>+00 ,66933+00 

,71718+00 ,62! 91+00 

— 7-1-9 2.+00 *5-7-9.9.0*00 

*63373+00 *53512*00 

( 8893 ! +00 ,98378+00 

. ^592-jJL+OO .9 3 95 2 + 00 


198309+00 

* 99 2 1 2 + DO 
-.3988-9-+G0 — 
133919+00 

* 27582 + 00 

_ , 19357 + 00 — 
. 80711-01 

* 967 1 9-02 

139.095 + 00 . 


,37788+00 
* 339 39 + 06 
.,-28 865*00- 
.22739+00 
.16939+00 
,8.5128 = 01 - 
.98123=02 
,99690*0 1 
*69687+00 


SI 1 S 1 1 
j 62B30+OQ 
-, 60*4 5 3 -+- 00 — 
,S4||6+00 
, 51300+OQ 
-,965 9-1-+0O — 
,92592+00 
,37329+00 
-,3Z04-5*OC- 
, 265^9+00 
, 222 l 8 +00 
-,.L7791±00- 
, 1 1903 + 00 
, 63929-01 
, 9 7L90--02— 
,92788-01 
,25789+00 
. 98047 + 00 


snei) 

,51616+00 

. 992 . 9 0 + 00— 

,99922+00 

.90090+00 

, 3l}63+00 
,26197+00 

,15723+00 
,11652*00 
,77172-01 
,29591=01 
,53199-03 
. 92580=0 1 . 
, 17367+00 
,98988+60 
* 1 3? 6 1+.0 I 



CARp; TnM FOR Mm AX | a’~mc, theta, AND w? no 
DET'AJCeP PRINTOUT? no 


alpha 

L 

Li 

SF 

PVMDB) 

1 ,600 

l .000 

3*080 

.225 

-7.038 


MOO If. I EO ALPHA Is! *6190 

Table A-6b: The self noise intensity and frequency at x/D = 35 , 

. D*tE 0 90573 

convec? j on mach no.- r.3o£/ speed of sound ratio- 2.60 Vo code- i 


SELF NPIse/inTENsITY [DECIBELS! WITH FREQUENCY 8AN D NUMBERS 


angle segment » Segment 2 segment 3 segment r 

IDES) hC 8.2(885 3 • 9 69 R 0 3.59166 3.12288 

A — , 2-» 4R -O o O 2^2&000 £.4-2-UQ0 U-S. 6 .000. 


6*0 ' 6 «95 ( *1 

i6 ,R i - t --i ) 

1 5 »Q i 2 . a 0 f 6> 

20*0 I R • 8 1 ( 6* 

25-KJ 16 .65 ! 6) 

30*0 1 B * 55 ( 4) 

35*0 20*R9 1 7* 

85 » 0 25 • OR ( 8> 

50*0 28*0 At 8 J 

6 p i0 31 « 0 I ( it 0 ! 

6S»0 32*731 It I 


— 7-0*0 J6»9-H-l-2> 

75*0 R 3 • 8 7 t 1 8 ) 
80*0 R 3 • 58 ( I 5 ) 


9q*0 32 « 75 ( I 1 ) 

) Q 0 * 0 29 • Q9 < 8> 

110*0 2 A • R5 ( 7> 

120*0 28.311 6> 


j5*48( 6 ) 22 466< 6 ) 

2 1 • 35 ! fit 28^59 ( 7) 

2 3.37< 6 ) 3(j.A7( 7) 

-frS. 23 ( - 7 ) 32-.6o<— 7->— 

;7.15( 7) 3R,68( 7) 

j9.ll! 7) 36,81 ( 8 * 

yl-.-3 R-l — 8 -) 39 » .H -9 { — 8 )_ 

3 3 • 8 R < 8 ) R 1 , 21 ( 9)v 

3 7 • 3 0 ( 9) R3*36( 9) 

-y8,- l 5- ( — 9 - 1 43-^30+10)— 

38 * 93 ! 10) R5*lRtn) 

glOKlI) R8, 29(12) 

^6+46(4-2)- 53*1-1443) - 

g2 . R7 < 1 R ) 56.R0<18> 

i(9,95 ! 15) 53,61(15) 

-n2 .7 R (-1 34 -47,73(12) 

1)0*26(11) R5,5S ( f 1 ) 

36 » 76 ! 8 ) 82,36 < 9) 

3R.20t 7) 39.95 ( 7) 

32.11! 6 ) 37 • 95 ( 6 ) 


3D, IK 7 ) 

3-3.-7.2-! — 7-1— 

36,38! 7) 
38*87! 8) 

H t ^ 494 -8. ) — 

39*83! 8) 
R4.8H 8) 

<M, .35 4-9 ) — 

R 5 • 07 ( 9) 
86*33(10) 

R 8 -*-2-44-1-1-)— 

5o* 8 0< ! I > 

5i( • 33 ( 12) 

58*76! |R) - 

61 *7q( 15) 
S5*R0< !R) 

5 | • 1 5 ( 12 ) 
89*35(11) 
86*57! 9) 
84. 39! 8) 
42*53! 7) 


SEGMENT 5 SEGMENT 6 SEGMENT 7 SEGMENT 8 

2.60808 2 • 0 ? 303 1.61304 1.19556 


SEGMENT » 
•85096 

1 . 16 QQQ 


TOTAL 


38*13! 8) 
-37^64-8-) — 
39,60! 8) 
81.27! B> 
-42.684-9-)-- 
RR. ! I ( 9) 

85 » R9f 9) 
-R7-. |0)10) - 

88,71 ! 10) 
60,S8tll ) 
-5-2. 904-1 2 )— 
55.66(13) 
58.93(18) 
■62.08(15) 
58.63(15) 
58.98(18) 
53.29! 12) 
51.88(11) 

49 » 59 f 9) 
87.70! 8 ) 

86 . c3( 7) 


35*98 ( 9) 
59.4 8 ( -9 )- 

8 1 » 7 6 ( 9) 

8 3 « 6 8 < 10) 

45*204 10)- 

96,95(10) 
98,5601) 
So* 80 ( 1 1 ) 

52.19(12) 
58*18(12) 
- 56-* 8 3 ( 13) 
58*88(18) 
61 *23( 15) 
62*85(15) 
58 • 29 ( 15) 
55 • 8 3 ( 13) 

9 8 * 27 ( 12) 

53*25(11) 
91*88(10) 
49»93( 9) 
8 8 • 89 ( 8) 


37.83(10) 

83.73(11) 
85 * 68 ( 1 1) 
_Jt7-i-10-( 1-1 1- 


89 * 10 ( 12 ) 
50 , 75 ( 12 ) 
.52 *.5 9 ( 124. 
58 . 30 ( 13 ) 
56 ,06 < 14 ) 
57 * 99 ( 14 ) 
59 * 78 ( 15 ) 
61 , 33 ( 15 ) 
57 . 37 ( 19 ) 
59 . 27 ( 14 ) 
56 , 58 ( 13 ) 
54 , 84 ( 12 ) 
53 , 49 ( 12 ) 
51 * 37 ( 16 ) 
49 * 65 ( 10 ) 
48 ,| 3 ( 9 ) 


38*50(12) 

84*85(|2) 

86.80(13) 

_48- r 08-U-il- 


89*78(13) 
S1J35(18) 
—5_3_. 


37,81*13) 
_fl4-*-35Liai_ 
83.75! ) 3 ) 
85*68! 18) 
-4.7U-32U4-L 


88.96(14) 
50*88! I 9 ) 


55,36 
57,08 
_SH ,UL 


58*59(18) 
56,08(15) 
57;6«1 jS) 

53*86! »5I 
58.86(15) 

46.61(15) 

60.28 

61,93 

63.80 

59^09! j S ) 

62.16(18* 

65,08 

55*18! 15) 
53 ,.8_4 

56*05(18* 
5 4 • ? ? ( ) 3 i 

66,58 

67,86- 

56*31(13) 

53.05(13) 

67,20 

54,781 J3) 

52*18! 13* 

63.58 

53*61.(12) 

51,37(12* . 

. _6 L . 35 

52464(12) 

50*69(12) 

60,11 

51,01(11) 

49,89(1 1 ) 

58,18 

' 89,63(10) 

88.8KU* 

56.58 

I 88135(10) 

87.38T 10) 

55.12 


130*0 

22.931 5 1 

30«26( S> 

„ p . c;n f c; \ 

36.U( 

lU-dtlT 

6) 
K ) 

40*83 < 

61 
A 1 

44.961 

«7 . opf 

71 
A t 

47.091 8) 
45.651 7) 

46 . 69 ( 0) 
£S-4l2J.( 8J__ 

47*101 

91 

— SU 

46.31(10) 
45.151 10) 

53,95 
52.36- 

iso To 5 
■■ 1 60 * p, . 

’'isi.sac -9),- 7 
; 16.6 74 - 9) 

— 30 » 3y > — a -J — r 

S6,‘68< 91/ 
;j4 *53 C;:4 ) 

32l6S< 

,36*521 

5)' 

91 

9 t 

37*931 
35 * 32 ( 

3 - - | 1 ( 

51 
5) 
5 1 

41*211 
39, J5( 

34.«?A< 

61 

6) 

-.6)- 

44*851 7) 
42*041 7) 
38.B9-1 6.) 

434621 $1 
41.61(8) 
3B)4ft<- 71 — 

44}28( 
42|34( 
39,231 

9) 

91 

_ftJ 1 

53*77(10) 
9). 921 9) 
3fl . 86 1 9) 

50,80 
98,82 
■■..95, At. 

— 

95.95 

53.26 

58.86 


62*72 


64. |S 


65*67 

65.42 

64,25 


62*06 

72,29 

'AjP 

,81.36 ''' 

e'o;79 

79.92 


7a. 65 


76.09 


' 74.46 

7KH 

66158 


60*18 


’ .7 

39*91.' 


Rl .41 


5R.05 


-56_l9Q. . 


_ 5 .7 i_4_8_ 

56.66 

54.69 


51.95 

♦ ' 


91.02 

92.59 

47,79 

49,20 

52.60 

53.73 


55*74 

56.75 


57.52 

58.Q7 

Rfl . g(J 


57*86 

58*20 

56.88 

57.09 

5JU-26 

54180 

54192 


51.76 

*1.99 

*2.03 


\ * */(,. /* 

+ "77* 

■' 99.09,- - ' 

9 2. '9 8,., 

\5M* *0— ,H y 

<;e0.'8'9 •;> 

/ ,u9 t VBf - , 

- v. 0 < «) ' 

55.05 
: ;59.‘97_ 


57.57 
57 1 OS 
4^.40 


58.68 

58.96 


58.57 

58.43 

C-.7-, .9.7 

57.36 

57)35 

5 7-. -1-5 

55)21 
55)24- 

//V V ' ' 

' '</ ' ' 

•i»2t09, 
52)16- 
52.22 'J. 



30.98 
20 * 35 

41.28 
32.79 
j 9 . 6 f 

98.03 

91.36 

71.43 


52*20 

47*07 

39.44 


55.74 

52,63 

47.R4 


56.85 
54*97 
-£,2 MM 

56.68 
55.80 
5JU3JL_ 

55.17 
54196 
54*55, . 


52.27 

52.28 

„5.2. ..24 


V- ^ 

"-g 1 :- -« %'t'T =— 

**$>00 'V, 

»<?9 .00 

12i68-' 


27*17 


40.70 


87*56 

52.07 

53,84 


52.12 



Table A-6c: The shear noise intensity and frequency at x/D = 35. 


CoNVEfTjON MACH NO.* <1.306 


SPEED OF SOUND RATIO- 2j6o 


VO CODS- 1 


SHEAR, N OiSE INTENSITY! DECIBELS) with frequency ba n d numbers 


ANGLE 

ideg) 

SEGMENT . 1 
NC 9 » 2 l 9fl5 

segment 2 

3.9694Q 

SEGMENT 3 
3.59166 

SEGMENT 4 
3, 12244 

SEGMENT 5 
2,6q3o8 

SEGMENT 6 

2.09303 

SEGMENT 7 

1 . 6 j 38 4 

SEGMENT 8 
t* 19556 

SEGMENT 9 
• 85p9 6 

|_»4-6Q00 — 

TOTAL 

5*0 

-10*0- 

-A— — — 2-.-45-Q0 0- — 
5* 45 ( 4> 

'T9.051 9) 

21.93( 5) 
— UtS-401— S-l— 

35*861 5) 

. .3^... 4 6.1— 5-1 — 

36 ♦ (J 1 1 6) 
3-9-e. 2-7-1 6) — 

37»97( 7) 
-8.1-.-3&1 7) — 

39.82 ( 8) 
43.-29 1 81 

90,32110) 

39.39111) 

47.76111) 

96,09 

49.49 


JS-O 1 I • 2 3 t ^ > 

2Q. Q I 3 » 2 H ( 4> 


30 » 0 I 7 • Q 9 ( si 

3S » 0 19.161 5 I 

90«0 21.5 2 < — S-T- 


j9 . B6 ( 4 ) 
21.891 3) 

, 2 3 . B H S 4- 


;5,8|( SI 
2 7 .' 9 9 ( 5 ) 
-tO.HQI — 6 J- 


27.83 t S) 
29. 99 ( 5) 
3 1 . 9 6 j 5 ) 


37.191 6 ) 
39.701 6) 
2 6 I 


9^,931 71 

_4-4-»-7-9-( — 74-- 


39.131 8 > 39.831 61 9S.&51 7) 

36 • 52 ( 6 ) ‘ 95 • 79< 7) 96.981 8 ) 

_3-9^JA7-4_A3 9 S .68 ( 7 ..1 93*801 B) g* .7 7 L -9 ) - 


95081 81 97 * 36 ( ?) 

-4£-^94-l— B-l .9.8 * 9.64- - $J- - 

48*521 8) 50)56 ( 10 > 

50# 05 1 91 52.10(10) 

53.2B( 11 1 


97 4 861 lOl 
.. 9. 9-. 9 2444)- 
- 50197 ( 1 1 1 
52*91(121 
53,95U2.L. 


96.81(12) S3, 


99.80(12) 
51.151 13) 
- 52 .SBU 3 .L 


56, 

56, 


'ia*o 

&o*o 

'.'A 


h *«♦'«■ 


2*M2H( 6> 
27 ,77 l 6> 
3? * 9 8 (,7), 


- "Mariano* 

75*0 HS*32(l2> 

60*0 13»S8(1H> 

" '^^VViOOfT^r 

i3«ao< h) 
ia»66( «)> 


*3 » 3 Q ( A') 
37,371 7) 
» 6. |6(, 7) 
;So»2l < 8.» 


ff 

hh.aoi 7) 
,H s.6H ( 8 ) 


Li. 9 0*0 

ci®« i0 

v . ii h « yv 
11 U * Vr 

l2d*0 

130*0 


|3.A3* 12) 
49,95(1*0 
> 9 , 77(111 - 

** A a ! t 'n t 


. 'H6 • H3 ( 9) 

. 49,50(10) 

-^4^34444-1- 


4’&V3'9T- B ; r 
<17 » 65 ( 81 


'4o 9*OQ t-,9 1 
*>5'l<38(: 71 

!?• 33 t tT 

’>0«24< HI' 


59.21(13) 
53.61(19) 
11 . A 

1 *1 J t w ® 1 ' 


5i*07(l0) 

55*53(11) 


6 O'* fc7 f 9) 

5 I »90( 9) 

— & M o 1-04*— 



499*00 ( 9> 
*2$ ) 67 ( 7) 
27 .6 21 —6-)- 
27 . 09 ( 5) 
26 I 2 ( *)) 

;ij. Qq | ) 


6 2 * 1 3 < 13) 

S 5 . Hflt 13 ) 


56.82(11) 

5^ .92(12) 


>99.60( 9) 
3o*6H( 8) 

3 2. 03 (-64- 

3 0 .97( 51 
-2 9 «8 7 ( — H . ) ~ 


10*70. 


53.52 


“23,43 ( 3) 
2l.H9( 3) 
1B«37< 5) 

59.09 


2e*H7( H) 
26.581 3) 
_2-3-.-H.9-t 3.L 

62.83 


56,63(11) 
18 * 91 ( 12 ) 
-36,60(444 
’99,00(10) 
33.431 8) 
74 

35 « 47 ( 6) 
3H.fl( S) 
33, 9 «( -S ) - 


32» 69 ( H) 
30*A8( H) 
127.831 -H)_ 

-63,80 


5 3* H 8 t 1 0 ) 
55,35(10) 
-8 7 -»50(-H-)- 
59*75(12) 
*1 ,67( 13) 
-6HH- 1-2 4-1-34- 


9 8 , 2 H ,( 13) 
H 6 * 22 ( 12) 
—S6. 2H (144 
'<*99.001 10) 
85 , 05 ( 8 ) 
► 6H( -74 
38.18( 71 
37 • 93 ( 

— 3-7 * 

36.091 
3H.381 


55.3-7 ( 1 1 I 
57401 (12) 
-58,4-H-(-l-J>- 
60.32(131 
61*60(131 
-S7U37-(-1 33- 


6 ) 


5H. 19( »2) 
HS. 1 5 ( | 1 ) 

35.-4 6 ( 14)-— 

•*99,00(10) 
3H . 59 ( 9) 

374 35 (—84— 

36 *0H ( 8) 
37.92( 7) 

-74— 


36 • 26 ( 6) 
3H.6 1 ( 6) 

3 1 *3-9 L_£J 314 6 5 t--S 1- 


5) 

5) 


65,17 


6H) 12 


5S),.3 2(,l31, 
56(66(13) 
-Sa44J2-(+44- 
59)29(13) 
55 i 1 8 ( t 3 ) 
-s.5 ;j 
H8.1HI 12) 
H| *35(11) 
.32 ^8 5(444- 


•99)00( 10) 
33. 72 ( 9) 

- -37, 

38,3H( 8) 
38)611 6) 
-38 * 2 9 ( 7) 


5 3, .MUSA 
55,10(13) 
-54-,70(44L 
52,16(13) 
62.72( 12? 

42.35(12) 
36 « 83 ( 1 1 f 
-2 9 . » 1- 7 - ( -1 4 - L 


37) HS t 7) 
35 J 9H < 7) 
.33*07 (._7J_ 


62*18 


•99.001 10) 
3I.S0UO) 
-35 ♦ 55 ( — - 9 -i- 
37 « 22 ( 9) 
37*671 9) 

.37.86(-8.t 


37 » 25 ( 8 ) 
3 5 * 91 ( 8 ) 


59*23 


64, 17 
62, 7H 
- (.97. 
65,72 
66.95 

47,68 

66,50 
59, 3H 

.-Hi.HA- 


•89, HA 
Hl.Hl 
-H-H-,42 
HH , 86 

HH. 87 
44,17 

H3.13 

HI, 63 

_a8..9.4 


71.38 


Table A-6d: The total noise intensity at x/D = 35, 








CoNVEcTjON MACH NO,* H.30 q 


SPEED OF SOUND RATJO* 2,*0 


VO CODE* 1 




y 'OtS.X' \' „ N > , 

T0T*L ‘-NP I SE^I Nf EN^'iH ( p?C I BELS j 


-'" x “ ' T--'. 


ANGLE SEGMENT 1 SeGMENT 2 SEGMENT 3 SEQUENT H 

(OeG) MC H , 2 1 H 85 3.969H0 3,59966 3. ! 2 2 HH 


SEGMENT 5 
2)60808 
l - flnQQQ- 

f 


segment a 
2 , o 9 303 
l-*-6-H-000- 


SEGMENT 7 
t . 6 1 38H 


SEGMENT 8 
1 .19556 
j. 32000- 


SEGMENT 7 
, 8509 $ 
1 .16000 


TOTAL 


* 5*0 ' 

/♦•a? f ;. 

.l^'.. 47*83 

' 25*32 

33 . 5 ] 

11.19 

38 t ia 

^ 1 1 1|7 

40 . J 0 

Hl .95 

85)10 - 


ESmB 

H 1 ♦ AS 

HS . 12 

H 6 .S 0 

-S 4 -,.Z-H_ 

- io »6 
15*0 
20*0 

12*72 

15*69 

17*10 

-24 .29 - 
23.68 
25.71 

- Z 9 « H 

3 I. 2 H 

33.33 

1 i> . 1 A 

3 -^- 1 ‘ItC — “ 

39.79 
• 4 2.32 

nC.,l 

H 6 , 56 
H 5 « 19 
ll/).CT 

HsT 78 

H 7 , 6 1 

4 - 9 -,- 2 -a 

H 7.72 
H 9 *« 1 

5 1 ,« 5 — 


48.32 

50*20 

— 54-^84 

H 7 .HH 

H 9.29 

50.86 

SH ,05 
55,93 

25«0 
30*0 ’ 
35*0 

— r -. 18*97 — 

20*89 
22*08 , 

.. % - t ; ZT t B y 

"'V N '/' V . 29 »SH 

31 . SB 

' 11 ' O I ‘ 

N 35 ♦ 

, c - 3.9468 


47 . 96 ' 

H 9.31 

=,g , R A 

50.82 
52,38 
_ 5 <i, 4 - 5 — 

52. ?0 

5 H.H 8 

S 6 -L 2 -H 

w . 

53 , H 3 
5 H .92 
56 . 55 — 

52 . Hi 
53,82 
SS.AH 

59,02 
60,87 
_ 62 .26 

— H 0»0 

HS *0 

25 .- 1 -H — 

27*67 

— “Mi-V-f- 

36,59 



. . H 4.22 

48.79 

52 .H 6 

55.89 

57 . «8 



56.66 

63,76 








so»o 

n . A 

'1,6.6} 0;. 


30*93 
32. 9? 

/.{IT' V— ■ 

. ,36 ♦ 4*?;:; ' cV 


HO. 35 

- U . 1 6. 


87.08 

50.05 

tk 1 t 99 

58.30 

57,80 

S 9 • S7 
A • - 19 

59.39 
*0 , fl*; 

57.99 

19.6? 

65,37 

88188. 
S2.0D- 
Sj, 178. 

-S,' V‘ 58,8$V^>: 
■> < ‘.;s7'.98';- ?, / 

;',-'"-'59*29 

V/'' > , 62 ? 86.* ' 

■ ■» . '6Bt3B-.-.-.C-.- t ■- 

62*33 
. 69.57 ' 

— 66.00-, 

*3107 

69*88 

6o_i_2L0 

62,20 

58,19 

60.A9 

55 , 1 7 
57*71 
- 55.03 

68,92 

69,78 

70.08 




87*66 

86*59 

1C , A 7 

9* 3 “ W f - 


56# 10 
52.96 
-HZ + 9, 6 


6 I » 88 
56*62 


88*59 


56180 


6J.99 


65.78 


66 + 99 


6o»HH 
56.88 
_5 9.-89- 
53189 
5 1 * 86 


52.68 

51.09 


53 t HO 
52 + 26 
-51-»-3 l9_ 
50*69 
, 89*5$ 


69.97 
6H.T7 
6 I ,8P 
60.11 
58,23 


5 U.-W^ 1 - 

98.87 

87,59 

96,79 

^ITU 

88*58 

87*23 

8 <;*fia 

88.76 

87.67 

86.89 

. 

87.76 

86,90 

85.89 

55.51 

58*20 

53.00 

?v *98,69 
'82,73 

• • - < 5 O r A *f 

88.35 

82.80 

85110 ” ^ 

83,28 : 

un r t y 

, 88 * 68 , 

92*8? 
.. .19,89-. 

. qi,5s- 
'89,62 ^ 
«4 a;b3 ^ 

68,88 

67.83 

66.35 

63*88 

78.87 


Table A-7a: The WKBJ integral and run parameters at x/D = AO. 

SmSai baqV'/ ' =" s _.„_suj’u__ 


*00 

5.00 


» 1 1 857+Oj 
t 1 i £o3+o l 


Evi? 

ii/\20*0o , i* 1 . toOHa + Olf' ; 

i z r>j» . ^ r.^..fg -i P+i i •’/ " > 


SO + Oo 
35, Oo 


,93+166 + Oft 
, Vo 5 35.0ij 


f. :9S«6o'>.vV'''* * a ft659^0oA 1 ' 

•VsO.Oo//': 5- .>T', ,8 1' 698*0 A ' ',; : 

' ' ~' S '5 « 0& - ^ -- Li - -- ;. 7 .e3A4-K0fr — v 

60. 00 ' » 73857+Qo 

65.00 .659 1 8 + On 

^ — 70-^0 0 , 5 3 68 2 4 00 , ... . 

'*7B.OO^-.~>'*»2207t0or ’ V 

' t 1 - ' , 7 ' 4 


,1 1027*01 
.10768*0* 

T + y y > *< VW 

J9^562*0fl 

;95H7S*0S 

«B76q7*oO 

,88207*03 

, 77313+00 

,73898+00 

A j U-3X * 0 g 

.63613+00 

.55268+00 


+ IOH87+01 
+1o 425+0* 
-.^i^oitoa- 

' ,93836*00 ' 
' + 8.9H97 + O0 

, 8^963 + 00 
, 77878+00 
, + 7a< ( 07 + 0Q- 
+69Q86+00 
' V'i* 69878+08 

,53336+00 
.89338+00 


// *\ /' \ ' ,v ' // Px, 'l \' f * 

v / vlv V v / 4 / +H)Www / ♦wW./ - /' 1 //it 


189 198+Ofi ,79233+00 ,68385+00 

,86528+08 176550+00 .65695+00 

,777HK0ft; ;: U7Ss*+00 ,56782,00 

173073+00^; ,62895+00 .51932+00 

-.A96qJ^0q ' 58 30-8^00- 

1635?B+0B ,53t58+00 .H2069+00 

,59098+00 1H8H89+00 ,37335+00 

1 896 O 8 +O& ,13,8637+00 7 * 27815+00 

1 89239 + 00' { ~\ 33 1 05+00 .21950+00 

131 337+00 , 20229+00 .99588-01 

1 2 1 986+Qjj 1 1 1 3 1 8+00 .29718-01 

.3969S-o7 »7387l^d|';v r 189B9'liio| ' .23218 + 00 


,97883+00 

.95193+00 

,9Qfl A6+Q Q 

'>86563+00 

*82033+00 

^,-2-7_7.35>oo_ 

.72958+00 

.68710+00 

.59850+00 
.58831+00 

.82523+00 

.33181+00 


__SJJ.2U 511811 

J 57 1 67 + 00 .86157 + 00 

,58976+00 ,83873+00 

-..5002.8-+.0Q ^.9-Qjlil-+-0X>- 

,85518+00 .38578+00 

,80708+00 .29833+00 

,30878+00 .20258+00 

,261 99+00 ,15805+00 

,16600+00 ' ,71360-01 
,115*9+00 .30535^01 

-.67.6J6-01 ^26591-0? 

,19970-01 ,22995-01 

,13062-01 .10616+00 

.-1-2-952A0Q ,2 87 1 9 + 0 0 

,832^2+00 .69*27+00 


card Input for mmax, a^ hc, theta, and w? no 

- W -A- l t E-O- P R I NTO U T? NO - • 

■ AU*H A ’ Ll SF PWtDB) 

4.»^Q q il l,0OQ 2 j-300 .141 - *;4.724 

MOAIfIED AI.PHA Isl *6514 


Table A-7b: The self noise intensity and frequency at x/D = 40, 


CoNVEcTjON MACH NO,« 3.25g 


SPEED OF SOUND RATIO. 2,50 


ait£..OiQ673. 

VO code. I 


SELF N$I S E INTENsITYipEClBELS) WITH FREQUENCY BAN 0 NUMBERS 


ANGLE 

(Deg) 


segment 1 

MC 3 • l 85*5 

-A r 2 *-3£Q O O- 


15*0 

20*0 

-25-*-0- 


30*0 
35*0 
-NO' 
45*0 
5o • 0 
-5-S-*-0- 
60*0 
65*0 
-70*-0- 


75*0 

00*0 

-4M- 


. ’ 0*0 
i 00*0 


s e gment 2 

3.00013 
— — 2-+20G00- 


SEGMENT 3 
2,7(463 
2.05000- 



14 . 05 ( 6» 
1 S.63( 7) 


18*26 ( '7> 
l?»53( 7) 
-23+W+(— 84- 
22.421 8 ) 
24 a 2S ( 9> 
-26 ,4 9 -(- 9 >- 
29 » 46 ( 1 0 I 
33*54(11.) 
_iiU-9-4-<4-3-)- 


7* • 5 1 ( 6) 
7 - 9 -<8- 4 l — 7 .. ) .. 
2 1 « 94 ( 7) 
2 3,6o( 7) 
- y S a 0^ t 7 ) 


42.73(14) 

38.67(14) 

-3+.I0+L2+ 


56 « 44 ( 7) 
?7,8|( 8 J 
4*+lS+ 

1,0. 9S( 9) 
3 2.92( 9) 
»S+M-(-t-0+ 
^8,46(11) 
t)2.67( 12) 
4 7 . 77( 4-3)- 


22*07 ( 7) 
-25.4S+-7+- 
27.7!( 7) 
29. 5 1 ( 7) 

— il-J— • ( 1 ■ 8T- 


29.4Kll> 
26 . 79 ( 9) 


50.15(14) 

^4.90(14) 

- 3 8 t -5 9 -(-l- 2 -)- 

i7.oi < m 

•*4 • 5 1 ( 9) 


32 « 69 ( 8) 

34 . 24 ( 8) 
35.97 < — 9-L- 
37 • 76 ( 9) 
39.93(10> 

-42.52 (-1 0 >■■ 
45.8|( | 1 ) 

49.93(12) 

-54. 

54 • 55 ( 14) 
48.48(1}) 
-43.79 { 12) 
42.39(11) 
4q» 1 3 ( 9) 


SEgMENT 4 
2.35998 
1-4- 9 0 0 00- 


SEGMENT 5 
1.97122 
-L.-750Q0- 


26 • 87( 8) 

. 3q+36( — 8J_ 
32 , 69 ( 8) 
34 . 6 2 ( 8) 
-j.fr^-353- 
38.09( 9) 
39 . 8 1 ( 9) 


31**01 9) 
-3-4 » 6 6 + .9. ) 
37 . 07 ( 9) 
39 « 1 0 ( 9) 
-40^954—9-)- 
42.80(10) 
44.64(10) 
- 4 6.6 6( 11 ) 


4 3 . 6 8 ( 10) 
46. OK 1 1 ) 
_4-a-«-63-(44-)- 
5 | .90( 12) 
55*39(13) 
-5.^7544-44- 

55*35(14) 

48.78(13) 

--47.-4 
4 6 .30< 1 l > 
44 * 37 ( 9) 


48.67(11) 
51 . go ( 12) 

56*16(13) 

58,45(14) 

59-^84444 

55.04914) 

53.06(13) 

-50^66-1+24- 

46.97(11) 

46.46(10) 


SEGMENT 6 
1.58194 
1*60000 • 

$4.47< (0) 

- 380 0*10)- 
40.58(10) 

4 2 • 67 ( 10) 
-4-4 .-5-74-1 04- 
U*48( 1 1 ) 
48.32(1 1) 
-Sfl.33 ( 1-2). 


SEGMENT 7 
1.21976 
U-4-5000— 


52.21 < 12) 
54 * 27 ( 1 3 ) 

5 6 * 3 6+1-3 ) - 
fi8«p6( 14) 
S9i23( 14) 
-84-0-3+14+ ■ 
56.38(13) 

5 3 . 35 ( 12) 
-5-I-* 8 1+1-24 - 
So. 49 ( 1 t ) 
*)8«42< 10) 


36.57(11) 
-40.23(1+1— 
42 . 7 3 ( It ) 

44 , 84 ( 12) 
-46+23- (-1 *-> — 
48 # 59 ( 12) 
50.34(13) 
-52AI7U3).. 
53.77(13) 
55141(14) 
-S6.82M-44— 
57.98(14) 
59 » 06 ( 14) 
-55..3S (-1-43 — 
54 * 83 ( 13) 
53.14(12) 
51691(16) 
50)90(1 1 ) 
49 • 26 ( 10) 


segment 8 

•90362 
$.*-30000- 


SEGMENT 9 
.64317 
l.t.l.SQOU- 


TOTAL 


37*14(12) 

-40»JEL+U-2J_ 


36.33(13) 


43,30(12) 
45.37(13) 
-47-,+ 9 (-l 3) . 


42.45(131 
44.48113) 
-44 . 23 (■ 1.3.L 


48,. 

50,9 


48.95(13) 
So,55( |4) 
52.J-7-U-4J- 
53*50(14) 
54 , 03 ( 1 4 I 
55,991+4+. 
57*53(14) 
53*72(14) 
-S9»-35(+3+. 


47*91(141 
49.40(14) 
—5at9.2i.L4_L 
92*19(14) 
53.7004) 
_5+.07.( 1 4 > 


84.02(13* 
52 , t 3 ( 1 3 | 
-54-.0S-CL3J- 


9 • 

52 +? . 

54.1 

56.1 
5 7 . 1 
59, S 

61.1 
62 + 
64,1 


52)00(13) 

5 1 , 63( 12) 

-5o. 9 8 (+ 21 - 

5(>, 25 ( 1 1 ) 
49*0O(ll> 


50*25(12) 
49.60\I2| 
49 *01112 ) . 
48*5202) 
47.61 (Hi 


57.46 

55,75 



J 20 • 0 
130.0 

t up* ft 


J50»0 

160*0 


22 • 9 *1 1 6) 
2 1 . 30 ( 6> 
.19, 68 ( 5 >, 


17.961 5> 

1 5 i as { 5> 


43.50. 


— ^t-rvr' ■*'? 

j0.76< 7) 
? 9,1S( 6 ) 
■,7. 5 61 5 ) 


*2 79659 

: 40.77 


41.78 

42.53 

- 4 -2-.-T- 7 - 


42.13 

40.21 

36.72 


3 f • 55 
24.50 

I u . 4Q 


25.851 51 
23.771 5) 


5 1 . 23 


36.631 7) 
35.08 1 6 > 
-34U-5JM— 64- 


78.91 

4 7 .69 


<48.50 

<49,18 

-i^-46- 


<|9,06 
47.6*4 
t | *4 * 9 0 


*3*91 


4 O • 6 7 

34.80 
- g .6-,. 7 .6- 
I 4 , 35 


31.861 S> 
29.801 5) 


56.58 


2. 7 2-1-8 >- 
4 | » 22 1 7) 
39.781 7 J 
-38-.J-H A ) 


77.88 

52.36 


53.03 

53.51 

_S. 3 -. 6 -a- 


53.32 

52,18 

5q*1?2 


46.62 

41.83 

-35. . -2. S -. 


36.681 

34.661 


59.91 


6) 

61 


76*42 

55.62 


55.93 

56*18 

-56.1-7- 


55.76 

5<4.77 

-5_j,02_ 


25,90 


5q . 32 
4 6 ,46 
4 | . I 9 


. 44 . 534 — 9-1. 

42.851 8 ) 
44.321 7) 
-39.-7-81—7-)- 


38.121 7) 
36.1)81 6 ) 
.61- 

62.40 


33.83 


74. *41 

57. 00 

57.23 

57.35 
S.7., JO- 
57. 00 

56 . 35 

-55.-20- 

53.42 
50.82 
-3.7, 2-2- 

42. 2 S 


4 6,751 -91- 
1)5.281 9) 
43.891 8 ) 
if 2 -. 117-6- 8 4- 
40*891 7) 
3§«90 1 71 
-3M-7-5<— 7 )- 


47.89< | 0-3 - 
46.64( 91 
45,4|( 91 
,‘niut.ai- 

42.651 8 ) 
40* 73 ( 8 ) 
-37-.63-i_81 


47.911 tol 
46,87(101 
45,821 9) 
44.681- 94. 
43,321 91 
4l,49( 9) 
-38.45 1 4J_ 


63.26 
7 \7tB 

_S_7*JL2_ 


63.32 

" 68 , 00 " 

56*12 


57*23 

57*28 

97*24 

57*138 

56*72 

-S6-U-0 


56.14 
56.13 
-56.608- 
55.96 
55,74 
__55 i.3-8- 


55*12 

53*67 

5 | »6o 

48*73 


54*83 
54100 
-52 *0-1- 
51.15 


62.14 


63*01 

54.12 

54.09 

54,06 

-.5 4,0 2.. 


53,96 

53J86 

53.72 


53150 
53,16 
5.2,68-_ 
51 J99 


46*77111) 
45*93(10) 
45.061 to; 

SH.061.loL 

42.8J 1 10* 
41 .07< 10* 
38.08L-9JL 

59,96 


56.11 

51*36 


51 *28 
51*21 
.51,1.5- 


51*10 

51*05 

■.SQ.».?9... 


50*92 
50*82 
>JL 
50*47 


54.30 

53,14 

51,95 

-50,20 

49,2* 

47.38 

-91,31 

70.10 


Table A-7c: The shear noise intensity and frequency at x/D = 40. 


pUfE 09057 3 


CoNVEcTfON MACH N0,j> 3.255 


SPEED OF SOUND R A T 1 0* 2,50 


Vq CODI- 1 


SHEAR NO | SE INtENSI T y ( £EC 1 8ELS ) WITH FREQUENCY BAnO NUMBERS 


ANCLE SEGMENT 1 
IDEG) MC 3.18565 
r __ 2,35000- 


5*0 

10*0 


15*0 

20*0 

- 25 .0- 

30*0 

?5»0 


10*961 

-4-4,-HH- 

16.161 

17.691 


4 ) 
-4-)- 


5> 

5> 


20*261 5> 
21*511 *) 


segment 2 
3.000)3 

2-< 


ta.77< 5) 


g4 , 09 t 5) 
2 5,691 5) 

I al 4 4 ( 6) 

21*781 .6) 


SEGMENT 3 
2. 7 f 463 
-2-*- O S OflO - 

24*431 5) 
-27^-18-1—54- 


29.931 5) 
3 | .67 ( 6 ) 

34*731 6) 
36*251 $1 


Segment 4 

2.35998 


29*361 6 ) 
-3-2 *-7-7-1 — 6-1- 


35*021 61 
36*871 6 ) 
-36*-54l 6 ) 
4q» 20 1 7) 
4 1 • 8 A 1 7) 


SEGMENT s 
1,97122 
-4,-46000- 

33.701 7) 


39,491 7) 
41.421 7) 
-43.4-7-1—74- 
44.921 8) 
46.671 8) 


S-EGMENT 6 
1 *58 f 94 
1. 60000- 

3 7 * t)9 1 8) 
— 40-. 641-84- 
42.971 8) 
44.941 8) 

n- 

48*491 9) 

5q* 2 1 1 9> 


SEGMENT 7 
1*21976 
— — 1*45000- 


SEGMENT 8 
*90362 
1 • 4.3000 


segment 9 

,64317 


44,941 9) 
46 , 89 ( 9) 
.—48,631-104- 


50.31 ( 10) 
51.89(H) 


45113110) 
47,031 1 1 ) 


43.85111) 
45.69111) 
47 » 2 7 - 1 -1-1- 1 - 


TOTAL 


39*041 9) 39(281 1 0 3 38 . 05( 10) 44.99 

4 2 ,5.7-1 -9-1 4 2,-804404 44-,5S(4-U 48 . 50 


50.241 H I 
51.65(12) 


48.74(12) 
50*051 12) 


50,83 

52.75 

J5-4-.-43- 


56,06 

57.59 






-'51.52 < | l-)_ 
50 * 90 ( 12 ) 
56 . 30 ( 12 ) 
-W-.S0H-2-)“ 
58 • 37 ( 13 ) 
59 . 16 ( 13 ) 

. -SS.lfl M 2 I— 
07»70( 1 l) 
*40*68(11 ) 
— 3 1 *~99-(4(}l - 
*9 9 * 00 ( 10> 
32. 79 ( 9) 

. -36 >26.{ — 8 )— 
37 * 50 ( 0) 
37 . B 1 { 7) 
— 37«-5-3-( — 74— 
36.731 7) 
35.251 6) 


.-S3 r '0-8:(-m- 
5^.19(12) 
55 . 29 ( ]2) 
— &6v2T»-(-+2->— 
57.60(12) 
53*72(121 
- -89+0 2-( 1-2-)- 
9 3 i 89 ( 11) 
37(67(11) 
—29-* 63 (40)- 
-99.001 10) 
3l t 96( 9) 

15 *-9-9-(— 9-l_ 

37 • 67 ( 8) 
38 » 35 ( 8) 
— 3S- r 46(— BJ-- 
37 * 78 ( 7) 
36* 96 ( 7) 


'S i ,-3514 2) 
52.87)12) 
53.8102) 
-54 .4)7(42) 

5] « 9 3 ( 12> 
97.21111) 
-313.08141 ) . 
38.62(11) 
33.88(11) 
26.59(10) 
-99.001 10> 
29.831 10| 
_30 *-3.5.( —9 V 
36.951 9) 

37 . 97 ( 9) 
—3 7-J-7-6-I— flJ— 
37.91 ( a) 
36*25 ( 8) 

— 33.-60-1 . B i- 


62.36 


6q * 36 


56.90 


Vo CODE* l 


SEGMENT 6 
1.58J90 
T, 60000 


SEGMENT 8 
,90362 


SEGMENT ? 
.69317 


38,99 
02,58 

09.95 

86.96 
88,79 

50.6! 
52. 3B 


90 » 99 


. 01.35 

00,2? 

07,02 

90,57 


-00.. 9-3 

_ —0-3.85 , 

.50*58 

96.98 


07.32 

06.2) 

52,97 

*♦9*00 


H9 • 29 

08.10 
AS..! 9 

50.90 
. 56,68. 

S2f 55 

“ 

52.66 

51*35 

58,38 

50.20 


50,10 

52.75 

59, f7 






U - ft H 

i^Ej f ft ^ 

7B 

59,-28 

I 56.-94 

ct; , A 9 

59.1.5 — 

64 

W- 

■ 05.0 

50*0 

— 

26*50 

'28*39 

J 1 # ♦ *T 3 ~ — 

35.00 

37.01 

4 0 (14 

“ " — ‘ — 

01.85 

89 .OI 

(li -CO 

97.76 

50.06 

co.Tn 

52.70 

59.95 

C..17 

56,08 
58,03 
5 9 1 0 9- 

57,00 
58. 91 



56,87 
58,08 
<;? , | 1 

55,30 

56,77 

68.08 — 

63,11 
60,70 
65, a? 

i '--,55.0, _ — — 
K/ 6o'«ov .• 
i-v 65*0" • 

— ^aQ. 6*,; 

: 33*66 ; 

37*78 



\ :7 /rn 2*58 ‘ 
7ft ; 

v c i \ n /I 

— — — — — H — 

• , 99 . 86 ' - 
v 5 3 . '9o 

'C7, l 1c ' 



55.83 
' 59,15 

*7 1 f f 

59.89 
61,95 
f 2 T 98 

61,51 

62,97 

A|,J9 

62*12 

56,-39 

60*58 

56,73 

55 .47- 

56«t! 
' .53*36 

j S.l.,-69 

67,60 

68,31 



7-0-8-Q— 

75*0 

80*0 

~ 03*12' — 

06*39 
0 ( *68 



53.58 

07.92 

4 0 - fC 



57*76 

Bi.SO 

u * _ 0 , 

58.36 
99.59 
9 7 - 1 '9 

58.85 

53.59 

■;n* 7 « 

57,79 

53.90 

.. 91-.84 

55.60 
S 3 . 3B 

5-J-.J9-5 

53,35 

51,99 

51,01-- 

50*55 

99.71 

99. DB 

65.97 

60.98 
58 , *}-!_ 

400*0 

— 2* ■ 

v 29'* 9 1 . -/ 

' 9544 

' ie +. !L.*f + 

— 

• v 37*01 
. -30.65 - 

* ■ >02*39 , 

'00*27 

- In ?KO 

. '96.30 
00*50 

in.ni 

98.97 

06.57 

99,92 

50*09 
98.52 
u7 , np 

5o*90 

09*34 

08.1-8 

50,25 

09,09. 

; • 08,18 

' 08,52 

•' 07.66 
87.04 

57,06 
55,85 
. 99.60 

i io«b’ — - 

120*0 
130*0 

— 2-b+O 7 

23*90 
2 1 *9 1 

31.29 
29,73 
2ft ,22 



37.09 
35 8^5 

18.19 

- ■— - T J 8 V w 

01.69 

90.37 

18.99 

93.33 
01.99 
9r).S2 _ 

95,77 

00.55 

kX,Z6 

07.10 

86*11 

0 9,-9-a, 

07,36 

06.59 

ttS-,-59_ 

06,00 
05. 7S 

0.8-<l9-7_ 

53.63 

52.63 
51.55 

^so+o-; >•;, 
'47'offi' ‘ 

- — * 0 * 3-°^: — 

18*72;; 

y‘16,67-.'- 

\ ,.'26-, 5 7 
.'".,20,53 

' ' 9 I - 1C 



,'32,57 

'3b»56 

37*03 

35.06 

19.1 + 

38.99 
36.95 
vi.fl 1 

91.78 

39,87 

. > 3 6^-74 

03.60 

01*81 

18-UJt 

; -00»39 
'02,68 
■ --- 39,70 

03.91 

'■>} - 02V3 1 , ' 

: 4 49 . 01 .- 

60*25 
08,07 
■ '05.06' 


— H-3-.-0-9 : — 1 

06*95 

4^9 

50.59 

59,85 

63.02 

65.39 

65,96 

65,88 

68,35 

61*71 

74,79 


• Oo 
m S*Oo 

i n.nn 
I U * UU 

f c -is*oo; 

i -'20*00 

30.00 

35«6o 

ii n . C\f\— 
nw*v jj 

■ 0 S»bo v 

50*00 
-55.0b- 
60*00 
65.0b 
-74>+©e- 


Table A-8a: The WKBJ integral and run parameters at x/D = 50, 


s( 2- m 


-S(.-9 4 4- 


-S4-6-M- 


-S-tfl-t )- 


-S-M 0-1-4- 


liLl.)- 


,12251+01 
. 1 i953+0? 

— *4 1 SO ?+0‘ 

.1 1000*0; 

,10582+0? 

. 1 o I0 7 + oT 


. 1 1290+OT 
, l(j990+01 


. lb*99+Ql 
.99937+00 
-. 95 54- 0 +4 


.96037+ob 


.10066+01 .90999+00 

,95905*o8 .8SS32+00 

,^i-it-3- + 0fl ,abAK8.+-oo- 

. 85928+00 .75528+00 

.8 1697 + 00 .7 U38 + 0Q 


,92512+00 

.89996+00 

, B 9 9 3- 9 - + QO- 

.80073+00 
,75292+00 
-7-01-7-0*0 0~ 
.69788+00 
.60236+00 


'75*0b. 


’■'.824'96+ob 
« 77305 + 0*3 
. 7$ 21-5 +Oft- 

,6o85o+Ob 

,87979+0b 


,.6. frO 6A*-O0 .-S5C9t 


.72131+00 
.66362+00 
— +59068*0$- 
,89602+00 
,36927 + 0;* 

| 994 


• 6'|2O’tO0 
,55262+00 
__.-9 7-8 94*00 
.38396+00 
.26188+00 


,500*8+00 
.88033+00 
-.3662-1*00- 
.27909+00 
. 15977 + 00 


.8i622+O0 .70936+00 ,59231+00 

.78599+00 ,67011+00 .56207+00 

-V440 22*00 Hr2-fr2 4 *O0 +51630+00“ 

,69122 + 00 Is79i5 + O0 » 86739+0!) 

$60297+06 .53625+00 .81071+00 


-15-94 2 0*00— 
.53633+00 
*99068+00 


*3082*+OO 

.32851+00 

-♦-256S3.+O0- 

.17006+00 

170580-01 


*92397+00 

*37098+00 


.31357+00 

.269(9+00 


j 27779+00 ,17360+00 

,22057+00 .12183^00 

-4-1-53 7-8 + 00 * 

,78285-01 ,1)327-01 

,73627“02 ,33005+oT 


,27052-01 


,28038-oi +53078-01 .10517+00 +27586+Q& 


,-7 7 5 9 - 9 - r -Q-l- 

, 98j 3 3 + 00 


-S. IU U. 


,88359+00 
,95305+00 
-y-90- 7 -4-5 + -OQ— 
,359*9+00 
*31150+00 
4-26-146*00^ 
, 20940+00 
', 16759 + 00 
,4-2-1-06*0 0 - 

,82065+01 

,80787^01 

_,.9a.7-9.U 

.26518+01 
12935 + 00 


St 1 811 

,38252+00 

,35256+00 

-,3o762+00; 


,26016+00- 
, 2 » 380+00 
46&32-+btll 
,11710+00 
,80*70-01 

,10303*61 

,15672602 


, 1)761+00 
,27032+00 


.65872+00 ,91571*00 .12207+01 


CARD INPUT FOR M M AX, A* MC , THETA* AND W? NO 
r — — N* 


'AtPHA 

1 . a op 


i 

l .ODO- 


u 

-1+500 


SF 

-4065. 


MONIED ALPHA I $ • 


.67*19 


PW(DB) 
,760 


Table A- 8 b: The self noise intensity and frequency at x/D = 50, 


C 0 NVEcT[ 0 N MACH N0.« 2.IOrj 


SPEED OF SOUND RATIO,, 2.10 


D*t£-0AQ57-3— 

.Vo COD*. 2 


SELF N61SE iNTENSiTYtDECIBELS) WITH FREQUENCY BAND NUMBERS 


ANGLE SEGMENT I 
(DEG) mC 2,05842 


-A- 


■1 + - 99 0 & O- 


Sf G hent z 
l ,9385*1 
U-aB^>QO- 


SEGMENT 3 
1 .75*107 
1-^7-7-000- 


SEgMENT *1 
1 ,52*19 | 
1- , 66-OaO- 


SEGMENT 5 
I i 27 37 1 
-1-,-5-SQOO- 


;s»o 

jn«Q 

• w'* 


12*361 6 
4-5 + 9 6- 1 — 7- 


15*0 

20*0 


?e t A - 

30*0 

35*0 


18.431 7 
20. 891 7 


-40+0- 

85*0 

50*0 


28«37( 8 
26*261 8 
-34.- 351 —8 


30.611 9 
33*261 9 


6Q*0 

65*0 

-7-0+0- 


lo.omi 

83.28112 

H || f37(| j 


75*0 

8o*0 

-Bo+o- 


85.12(13 

38.95(12 


90*0 33.1811c 

100*0 31.651 8 

120*0 29.061 7 


,7.071 71 

40.7K 7 )- 


20.781 7) 
-2-4.-H-4( — 7-L- 


23.281 7 ) 
25.361 7) 
, 7 -,- 37l --84- 


7 9.39( 8 ) 
j 1.361 8 ) 
-3-3.55-1 — 9_)_ 


27.08{ 8 ) 
29.281 8 ) 


33.85( 9) 
35.501 9) 
-37-.-7-6 ( -9 )- 


24*031 8 J 
4f-7+^l4— 8 J- 
3q • 4 8 ( 8) 

32*761 9) 

-3-4+-S-34 — *4— 


35.891 9) 
38 , 621 10 ) 
„ I .7fl( | | ) 

N ITT W * 


45,16(11) 
y7, 76(12) 

. q ^ ^ I, ^ ^ , 


80 . 18 ( 10 ) 
82*83(10) 
-8 5^7-5-H-F) 


47.821 13) 
40.92(11) 
ti B » M 9 ( 1 Q ) 

36 . 82(101 
38 . 36 ! 8 ) 
—32+984 — 7-1- 


30. 87 t 7) 


88 , 881 12 ) 

so«ai 1 1 2 > 

4 9+4 844 . 3 ) 

87.83(12) 

82 . 60 ( 11 ) 

-9o+-S-3-(4 ■} ) 

39.08(10) 
36.781 9) 
-35+021- 8 ) — 
33.89( 7) 


37.131 9) 
39.21(10) 

4 | .47 tl 0-) 

83.731 1 1 1 
8 *. 131 1 1 ) 

- 43 -. 48 (- 1 2 -) 

5o*19(12) 

5q • 69 ( 131 
5-1+254 13)- — 
86 * 27 ( 12 ) 
83.51(11) 

— 8 1+524-1 0 -) — — ■ 


8 0 .58( 10) 
3a*ss( 9) 
-35+95 (- 83- 
35 .58 ( 71 


33»58( 91 
35 • 97 ( 10 ) 
38, g-7 1-103- 
80.27(10) 
92.26?ll > 
*»«.♦; 

86.261 l | 1 
88.09(12) 
89.61 (-12)- 
50,87(13) 
50*5)113) 
89.91112*- 
85.851 12> 
83.98(11) 
92+421 10-)- 
81,56(10) 
39.861 9) 
38*871-81™ 
37.211 8) 


segment 6 
1.02210 
L-, 4-8.000- 


SEGHENT 7 
,78815 
L.330QO- 


5EGMENT 8 
.58388 
f , 2-2000 


SEGMENT 9 
.81559 
1 . I 1000 


35»87< 10) 
38*19(11) 

-8 0 - *~ 3 ~3~(-l4-)- 


82 • 80 1 11) 

88 * 18 ( 12 ) 


87,39(12) 
48*681 12) 
89.551-1-3)- 
Bfl.Ol 1 1 3) 
SO * 30 1 ) 2 ) 

- 4 7-.&-21 -1 24- 
85.36(11) 
44,08(11) 
- 83 .O 8 -I-I- 5 )- 


82 , 20 ! > 0 ) 
8 a*B 2 l 9) 

-39+A 
38.551 6) 


37*23(11) 

39.87(11) 

_4-j_+H-9( -14-)- 


83*38 ( 12) 
88.90(12) 
-86.33(1-23- 


37,76(11) 
39 ; 9 1 1 1 2 > 
-ft 1-, a 0(4-23- 


83,53(12) 
88,87(12) 
86 , in ( 4 . 2 .)- 


37,85(11) 

39.98(12) 


83.81112) 
99*72(12) 
86.05*1 2.1... 


87,82(12) 

88*32(12) 

_*L9-M)5-<4~2)- 

89,55(12) 

88130(12) 


88.801 1 1 ) 
83.89(11) 
-83. 15( 10-)- 


87*06(12) 

88,06(12) 

-88,224-1-24- 


87.63(12) 
86.57(12) 
8 6 » 8 0 U -2-i- 


82*52 ( 10) 
81*93(10) 


97*86112) 
95,95(12) 
-94 i 90 ( 1 1 )- 
98.19(11) 
93,53(11) 
-93*034 144- 
82.54(10) 
8J ;72( JO) 


95,16(11) 
88.90111) 
93.R31 1 1 >• 
93.37(11) 
92,98(11) 
92,62(11 L 
82.301 10) 
91.701 lOl 


total 


26.961 9) 29.29110) 30*68(11) 3|,26(|{) ^t»99tll) 37,53 


99,05 
96,25 
_88..i3. 
SO. J2 
51,70 
53,2.9. 


59,77 

55,85 

46 . 4ft 


57.88 
58,15 
57,50. 
55,33 
52,38 
5 1,25 
50,91 
99, il 


39 i 57 ( 9) 9o. 29 < 9) 90»55(toJ 97,09 


130*0 

f Q 

t ™ MA.II, , - 

'460*0 
1*0* 0- 


27.8Q( 6* 

! ij 7 ( ^ ) 


2 


9.371 6) 

i 7 t B 8 (— 64 


32 • OS ( 6) 

-30»XQ( — AX 


3-4 . t9< 7) 


6 , — — V r» f - , — at 

24.9S<S> J 'l6.2S( 5) , ; 29.0Q1: *,» '.>3 i.27< 

2 i • oo t ’ S'h: ' ' ' ‘ 2 4. 2 3 1 5 > 27*01 t v 6.) . - - 29 *' 3 1 < 


97.72 


5 1 * 90 


53*50 


54*98 


3S.9B( 7) 

' '{ 33.231 7) 
: 31*32| 7) 

55*59 


i A'X -V* 


4j.> TSVroXfX 


: 50*01 


7i^; 

«'li ' * W i f >•' 

J,* i79' r . 


■.73.-52,.; 

'53.83"'" 


7 I ..70 

’~isV. 9 3 / 


A*. '26 

53. 2 7.. 


87 » 4 7 1 8) 

_S^3.iX_ej- 
34.931 7) 
33*161 7) 
^4*451-71- 

55*38 


66*04 

_52i.L5_._- 


49,90 

49,44 

OA . CE 

52.65 

5 2.23 

53,60. 

53*14 

Ci.an 

53.66 

53.24 

_5g-»-63 - 

52.96 

52.56 

5i^n3_ 

51,86 
»1 .5? 
51-.1-1- 

49*65,, - 

:> „X ! 47»t3:' 'v 

,46.12 V /: 

. 6 L* 4» -- — 

50.23 

-.■ 48 . 5 a 'x : 

* ,- U * '* 

-;,s 1.3 x >:$•;• ;r 

>,49. 80- • ' 

If? 1 ft V' '■ ' “' v • 

■>-5l.7e;v. X 

\so**3 

XA^-,4-4: .£ 

V 

51.34 

50*44 

4-9-^3C 

' 5q. 60 
49,96 

4 9 , -IX ■ 

Hb 

39,09 

34.97 

90 . 0 1 

— 

i43*27 
3?«66 
« c; _ *<» 

45.32 
42.22 
34 • 40 

47.24 

44*88 

«1.9S 

47,67 
46.08 
. .4 3..-6-T— 

48.19 

46.98 

45,-47- 

; ; — S „ , 

— 3 J . * ■> , 

, 2 ?'* 7 0_y^ 

3 3 .’6 7 .;. 

?3 8 » 36 ' ' 

41*14 

43**2 


38.654 8) 

_ 37 _._ 62 .X- 8 X 


39,471 9) 

_3a-.S.9J_9X 


39.9JI 9 > 
39.I4(9 > 


36 • 36 ( 8) 
34.62( 8) 
_3 l,.j63_4 8.) 


55.04 


61 ,83 

50 ,83 
50.60 
50.35 
_SQ.»0*- 
49.74 
49 , 35 
..4,a.._aL9_ 


48.33 
47,64 
_46. 8L. 
45,78 


37 i 45 ( 9) 
35.8K 8) 
32,8.9 ( _8 ). 

54,48 

56.33 

4?_tJA 


48,97 
48,77 
. .48^57. 
48,34 
48 4 09 
. -.4 7_i aa_ 


38,121 9) 
36*57 ( 9) 

_33.t.7_LL_U- - 

63.81 


49.04 

47.32 


47.20 
47.08 
_46 .95 . 
46.81 
46.66 
_46..-4-9_ 


47,46 
47406 
46^5 0_ 
45499 


46*30 

46*09 

45.85 


45*56 


46.15 
_ 45.13 

43.ee 

42.16 
.39,20 

63.97 


Table A-8c: The shear noise intensity and frequency at x/D = 50. 

— : ^ZZHZ— ZZlZZI DATE 09057 3 


Convert j on mack no.« 2.100 


SPEED OF SOUND RATIO- 2 ; 1 0 


SHfeAR/NpiSE; f.Nf ESSITy I oEcVaet'S 1 V/l TH .fftEodENCV 'IAN!) NUMBERS 


angle 

IDEG) 


segment 1 

C 2.05042 
1, 99 000- 


S^GMENT 2 
1 .93854 


SEGMENT 3 
1.75407 
- . 1 .7,70 00^ 


SEGMENT 4 
1 .5249J 
I-.4 6 QCO- 


SEGMENT 5 
1 |2737 1 


Segment 6 
140 2 218 

L+4-4000- 


;5»0 . :16* i3t :$»/ 

« 6 5 ( ■ 4> - 

15*0 22 , 05 ( 5) 

20*0 ' 24 * 06 ( 5) 

-2 5, 941 S>. 

, : -36«0>W'- 27.83 1‘5*' 
' 3S*,Q-''.,V29»7M';6>'' 


' : '20i,8|-K‘5), 

^X pU37t--5-X 


' 24. 5),I( ;5 ) 
2ni ii i ■ ■ Si . :' .. - ; 


V 27* fl 4l 6) 


30, 

34., 


72( 

JUX 


7) 

_XX 


§ 2 *>4l 

— 3 - 6 -»- 4 -S-(- 


7) 


26 . 81 < 5 ) 
70,861 5 ) 
s 0.79-(- &J- 
vS'32*7Sl->:AX 
‘ j; j 4f. 69 ( ■ 6 ) 


30 * 6 1 ( 6 ) 

32.721 6) 

^•4..X2-(— 64- 


34*061 6) 
36*221 7) 
_-3a « 2 - 7 -1— 7 4- 


37*fll| 
39 » 1 V ( 
-44-«- 2 -2- ( - 


7) 

7) 

XX 


39 • 62 ( S) 

4 1 • 1 3 1 8) 


'Y3'6.75r-;6.)'.;r ,.4'o*3'4( 7) - 43*221 8) 

;.'.;38«74{ "7);, ''-'^42.31 <'8 > ' 45*fi41 9) 

. . . . '•' ■ 4Qi93^^ 7X1- — X4X*L3X_8-X 4 6.8 01 9 -1- . . . . _ 

45*0 34*061 7) 3 J 9 «_l 7 ( 7) 43,24( 6 ) 46*541 91 48,S4flO) 48.99(10) 


44 * 86 ( 9) 
4 6 * 40 1 9> 

^eXM-OX 


Vo CODE* 2 


SEGMENT 7 SEGMENT 8 SEGMENT V TOTAL 

.78815 .58388 .41559 

1 .33o0o 6 * 22 0 00 - - - 1 ,1 1 0 00 


33 , 65 ( 8) 33,661 9) 

39 ,83 ( 9) 39i72( 91 

4 1 ,83 ( 9) 41,62(10) 

-4,3. 50 (—9.) 4 3 .24( 10) 

45,18(10) 44,68(j0) 

46.44(10* 45,77(10) 

_4JL«J>6.(..1 0 1 - 46 .7 4 ( 1 0 1 

48.36(11) 47,48(11) 


33*251 9) 

40.36 

36.841 9) 

44.01 

39,221 91 

46.50 

41 i 07 » 10) 

48.50 

«?.63t in) 

50,29 

44 * 021 iai 

51,96 

45.131)0* 

53,39 

47.701 10i 

56,14 


&o*o 

3'6 • 7 3 (’ ‘7> 

1 4 1 »87f 8) 

45.BM 9) 

48* 68 ( 9 ) 
Ca.coi 1 n t 

50*621 10) 

Ct-nAMI) 

49.87(11) 

5n-.-A.U_l_l-L.l-.., 

48.95(11 > 

48.25(11) 
*18,2244-14- 

46.57(10) 
44.13M0.L-- 

57,16 

AO.O, 

r -as*?/ 

P 1 -4J.'26L'9)-', 

— 45*881 lo^’ 

-47.95(10) ' 
: .-; i 49.-,78< io) r 

. -'T|A~ DA t 

50*69(10) 
: 51.39(1*) 

Un-Oll.lt 

5 i.72< 11) 
,51.47111) 
■e?.',ciiir 

51*35(11) 

50.81111) 

^0* 3T « J 1 > 
50*30<U> , 
' uu. K a ( in 1 ' 

49,55(11) 
46.14(10) 
4f| t ,34 ( 1 b) 

4S{97(10) 
4i;52( 10) 

40*79(10) 
' 47.711 10) 

58,67 
' ' 58,65 

~ ^ A | ft ft — 

75. O’ 
80*0 

45.121 »?) 
27.661 1 0 » 

»t7,42< 1 1 > 
32.691 IQ) 

47,83(11) 
33* 27 ( 10) 

42 * 05 ( 10) 
32*981 10) 

O..TQ/ 91 . 

39.71 < 10> 
32.191 9) 
-j , . , 4 1 9 1 

37.44(10) 

3 1 » 07 ( 9 ) 

35,25(10) 
29 « 73 ( 9) 

771 f I ( 91 

33. lot 9) 
2a,20( 9) 

30*941 9) 
26.501 9) 
|9.69{ 9 ) 

52,69 
40,62 
3 1.,.4-fl— 

^j9o*Q; 

‘ 1 oo*‘qT 

-n — : >■/.» 0 JS — r*r 

- »99*00t.8>'- 
7, 0 3 (1 7,» 

\«99 *00< >-.8,)- 
„-T'|9.34<--7) "• , 

'*■ A*t -'- 

,#99..«b< 8) 

2 1.45( 7) • 

»u -• |C » A 1 V 

,»9r . 00 1 8) 
22*91 ( 7) 

'*•99*601 8) , 
23. ?3? 8) 
-47 . 3 a i 7 > 

"?9»Q0( 9) 
24,541 0) 

«99»bd( 9) 
24,75( 8) 
-79.i.Q7.(- A) - 

• 995061 .?) 

24,551 8)' 
79(791 Bf 

•99,001 .9) 
'23*921 9) 
29+004- a i 

•89’i94 
, ' 32,63 
36-U-2- 

120.0 
' 1 3p*P 

20*791 5» 
20*761 4> 

22.331 5) 
22.081 5) 

n 1 - 10 t at 

24.821 5) 
24.7o< 5) 

26*851 6) 
2 A . 921 5) 
T ur (, m 

28.581 6) 
28.88( 6) 
48 . Art 1 4 1 

29 » 99 ( 7) 
30 .58 ( 6) 

31,021 7) 
31.931 71 
37.141 71 

31,591 8) 
32,81( 7) 

91.611 8 1 
93.111 8) 
33.841 _ 8 1. — 

38,92 

39,29 

39.84 

150*0 

.160*0* 

= t: 19.|9l 4j ' 
■ j7»SAtf3). 

1 4 • A 7 { ll 

' 20*20 (4) : 

-:;v-?8.5?;(''4')',-. 

23*05 ( 4 ) 

21 .4b( 4) 

14.441 4 ). 

25*51 (5) 
23.931 4) 
■ ■ .071 4) 

27*801 5) 
26.321 5) 
73 • 4 7 ( 5) 

2 9 ♦ ^ 1 ( 6) 
28 * 56 ( 6) 

74 * 7 A ( 6) 

:3i)73( 6) 
36,541 6) 
27.861.6) . 

33StO< 7) 
32(091 7) 
291521 7), 

33(861 0) 
$3 1 00(. ,7 )•- 
'30*541 .7) 



48.75 

52.43 

54.38 

55.33 

55,44 

54*76 

53*59 

52.12 

50.54 

63,05 


Table A-8d: The total noise intensity at x/D = 50. 






CoNVEcTjON MACH NQ.P 2.1Qc 


SPEED OF SOUND RATIO- 2,lO 


Vo CODE- 2 




itOfAt'-iNO ! 5E INTENSI Ty.l gECJBELS) 




vC* 

'■ 




ANGLE 'segment I 
(DfGI mC 2,0 - 58M2 j 
; tIh — - ..t . 99 0 00 - 


SeGMENT 2 
1.93S54 


segment .3 

1.754 Q7 


SEGMENT 4 
1 * AA QQfl 


SEGMENT 
It 2737 II 


5 SEGMENT 6 SEGMENT 7 SEGMENT 0 .SEGMENT 9 TOTAL 


'' ( 8»o/' 1 ^>'''17*>6S^VV V22*3V> - ///j-;2A'V03'''V\ : '^:/2?»35' \ - - 32* 

io « 0 - '-■'■ 21 ♦ io v lAJi- i-igs 4 ^g— ^ — — 'a-9-,4.6 --- 3 3*04 ^ 3S-. 


32*25 
-9-9- 


(5*0 
20 » 0 
-25+0 


23*62 
25. 64 
27 *5 9 


28.39 

30*96 

-42+42 


32*19 

34(33 

-3A-.-36 


35.64 

37.84 

41+9-3- 


38.62 

40.05 

^2^4- 


— + " — 1 fc / t — — v ' — - — - — — t " n \ ' ' ' w 1 ■ — » ■ A — * * '» 4 <> ■ . ’ - 

l;30*OV '297.95 L'.,; - v-"'34« 4(j / \ ■' ' 38 .‘41V • • V -;'42iQ3‘V “ V 45*00. ' 4*. 81 .-'i .* 47*38 

;Vii33-.r V : 36 , 3 s - 46*434 -wo*;;-., w. 46*88, 40444 ;• 4<K??- 

! 1 : 40 * 0 ^ ' 3 j. 4 1 i — 30VSj ~ * ' 4; 1 64--.^-,-,^ — 4«A-^2-P_ i— — 1 8 .3 1 * - 5 0.01 5 0+00- 


1(02218 


.58308 
f. 22000 



;;''30*34 ; 

" ' ’.10 2 1 1 

/; “\ : 35i63 , 

- ■ t 3U' ' 

TV* 35.45'': 
j 3 

* ' j 

42'. » a - i 
45.-9.n_ 

40.73 

42.91 

4 JL+S 4 

41.73 

,43(82 

45,67 . 

41.86 

43.86 
- M4 r S9 

41.60 
43 . sS 
45,2? 

48,45 
60. 53 
52.3.9 


-48, '35.; ’ 

— 49.. 44...- — 


47.94 

49..1J- 


45*0 

50*0 

56 . Q 




35*68 

38*34 

-44+4-8- 


.V-7 


94*94- 




40.85 

43,55 

-HA+A3- 


4?*70,; 


44.97 
4*7 .50 

S-tyt, — 3-3- 


48.37 

50.60 

-5- 2 -.-6.6- 


50.56 
S2 * 1 7 
-S 3 +- 4 4- 




.'5 2. '7 3,;, 


'54,»03., 


; S.3A5L4.;. 


54.27 

52.31 

-5 2 , 97 


,‘53.20 


5 0 ;?3 
. 51,66 
52 + 22- 


BO. 28 
51,16 
51,23 


50*67 

49,50 

48 .42- 


52*56 


50.03 


46*51 


5S',.*4; ; ; 


58,52 

59,56 

6 0.56- 


41.80 




pmro 

■ 7b4a 

" r 

-'40V j(j 

rrsitfo/;- ;/ 
^ | f ~ ' 


3?:V5*U» b.'vi'i : 

- 4 + '-- 1 . 0 . 1 + '• ' - 

;,:-5oi84 

-- - 97 , 0 a - 

47,24 

99.59 

• 45.24 

44,31 

61,91 

60,2) 

7S.0 

eo«o 

. flf . A 

48*13 

3.5*69 

50.43 

41.53 

Ift.CQ 

5o.»4 
43 + 08 

47,66 

43,88 

ii .fti 

44*79 44.01 

44*22 44,26 

a*>.i.7 «l,nn 

4S * 26 
44.06 

9 J* | 9 

44.47 
43.66 
9T # 0<) 

43.61 
. 43.07 
47.64 

57,22 

52,66 

51,30 

f.*j:8- 

ho$>o. 


— »r • 
,- i 3*y«27s 

-■ ••'34'.'50' 

<-"$2 ,#1) - - 

:'-;36i9»;;' • 

** ‘ J . Hit ...r/. 

'./•/4o..'S4>;, 
'"v.'I 38 *4 '6- 
- '"‘‘'in fft*'- • 1 

■-'41. 66 ‘.'rr'f 4 2V 20^ J ", 

39+97;. .rf-'-'l -'•;-''40.,?2,':.^ : 5 - 
9fi- .-V w' 

/v.4 r»S2 

- > -V. . - 

42.54 ■' 

.41,80 . 

< 

. * " 42,30-’ 

- --,t4"l'.-7< . 

- ' -4 1. ii- ,/ 

50, 41 

,49.-20’ 

’48*35 

TTUnr 

120*0 
1 30 + 0 

29.6 1 
•28.58 

31,44 
30.12 
? fl ■ 7 6 

IB 

36.09 

34.94 

ii r ». 

37.76 . * 39,12 

36.75 38,28 

1C . A5 17.11 

40*14 

39148 

Tfl+70 

40*80 

40.32 

19,7 | 

41 . or 

40*72 
4rt. 77 

47,65 

46,96 

46,1ft 

r’fBQiO-- 

i?0*0 

: v- vy25>.‘?7;:. ! :: - 

: ■ 24.*09 * 

•<* m '' ' - 

/*'• 

29, 99- ' 

.'^' ; 2a + 04‘- ■ ' 

' -‘rtf’j-OA' - 

32V29 

30141 

' v34V 32 -T/v? 

32,51 -> 

»».4ft ■' ^ ut 'v tX'-r 

r ;^37*65 

„ % 0& 7 ? s * - 

S ' ^ 3 \ S ^ . 

'38; 8.1,',"-- 

. 37 ,'3 5) , , 

39,51 

-> ■'.i; v 3».5'0^ i ' 

2. : 38 +15:,- 

- • - -- “IS'. 42j -• 

;*ts-, $5 
*)3,99‘ 
:'4b*72 


51.20 

54,99 

57,01 

58.17 

58.42 58.09 

57.39 

56,47 

55.4* 

66.33 




J? ■?'?> jy.~-:. ■;-■*' >• :v -= . * -4 . 

!.?HEtA?#ADj; ) v£;:SC2l;) • ’* 


Table A-9a; Th e WKBJ integral and run parameters at x/D = 60,. 
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/s mr 





>,:20iQ( 

^S'iOOV 

1 46+4o-' 
js.oo 
<♦ 0.00 
-45+ 0& - 

SSi'Ofi' 

■ 6 0 .0 0 

15.00 

70.00 


.10323.01 

,98396+00 


.•I.j 9 3 O.O.i 

, 1o998.Q, 

T?9?3H.0n~ 

, ,93934+Qg .^2774+00 

, 8^<467.0n .73239 + 00 

,7?53l+0g .48283+00 

T^fftitOcT ' ' ,54795+06 
56584*05 V45&t4*Qti 

, 4aA) 7^Qn " 

.28897.05 .19512+00 

,8 2 272-oi .2501*1-01 


Sf&l 1 
y .5 4 . 0 - 1 - 4 .1 
.92083+00 
.87235+00 


S ( 8 1 1 
m 173+1 
.80853+00 
.76001+00 


5(101) 
(-7-2540 + 1 
.69622+08 
*6477*1 + 00 


51121) 


,58537+00 

»&370 5 +O0 


S( 1 *)!,). ; - 
-.5 l;U-7-+0Q-i 


• *♦781 *1 + 00 
.*13013 + 00 


,-si i? H’ v' : - ; .'-s'i i p\yJi: 

; *n Q 1 6 +0 0 :♦ 3 19 03 +001. 


.37710+00 
l 3298 1*00 


,288*1*1400 

,23980+00 



« 6 i 992*OQ 
.57045+00 
. & . ftio+nn 

“ " J W** ' ■ w 

.437«2 + 0l( 
,34659+00 
1-2404-7—00- 
• l6’«0*00 
*38 1 16-08 


,50781+00 
,45894+00 
.4 001 1 +0 0 
.32951+00 
.24530*00 

,385)7-0! 

.56235-01 


.34736+00 

*34985+00' 
l±i 

* 22868 + 00 
.14968 +Oq 


*41275-09 

,14642+00 


i 29075 + 00 
,2*1568 + 00 
t- l - 9 . Z - 93 .A00- 
. 1 3274+00 
*67*20+0 1 
,^79-M6a02- 
.50898-01 
*2702 8 *QO 


.1910*1 + 00 
.14999+08 
1 1 Q3S-6+Q Q 
,53772+01 
,86886-0* 
_,26-145-0t 
,14509+00 
.42751+00 


J 1026 3 +00 
, 68080-01 

"^26272-02 
, 249*6+0$ 

,274^3+00 

,6l8fS+oo 


,32132+01 
.98J01+02 
,29447+02- 
,35775+01 
,10452+00 
_,-2252.5.+ 00 
,43905+00 
,84618+00 
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_kJL 


SF 


,80o 
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...is.;.. 


1.000 

.5533 


♦ 032 
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Table A-9b: The self noise intensity and frequency at x/D = 60, 




-D ATE 090 S7-3- 


CONVEcT i ON MACH NO»i« I,40o 


SPEED OF SOUND RATIO* '2100 


Vo CODE* 2 


, -V''. 


SEl^'NiTsE,-.. I ft TENSITY <c>ec i bels ) WITR frequency SAND numbers 


l **> 


ANGLE 

<OEG> 


{ ' >K 


SE 6 MENT I 
MC 


segment 2 

1*29236 


SEGMENT 3 
1.16938 
L+^OftO- 


SEgMENT 4 
1.01661 
l-»-6Q0©0- 


SEGMENT 5 
*84914 






IS.Q 
20*0 
r 25*0 
,30*0 

35.0 
** SA 

45.0 
S0*0 

56 .0 


1 8 . 37 ( 7 1 
20. 8 2 ( 7> 
-2 3 . 11 ( 7) 


+ 6»9S( 71 
7 -)- 


?3.68( 71 
26,211 8) 
-.2 8. 5 7! 8->- 
;}0*92< 8) 
33,01! 9) 

R 1 1 , !J . f , 

1 ** W * r * 

37.35 ( 10 ) 

39.22! 10) 


20.97! 7) 
-24.-96 -( — ®4- 


24*26! 8) 
-2 9 ,-31-(_84- 


26.58! 9) 
-30.61-!— 9->- 


27 « 84 < 8 ) 
3q.43( 8 ) 
~ 32 .8'1-f — 8-)- 


3 I • 2 1 ! 
33.78! 


9) 

9) 


38.19! 9) 
39*80! 10) 
- 4 - 1 -. 22! 1 04- 
<♦2*35(10) 
Hj. 01(10) 


33 * 46 < 9) 
35.40! 9) 
-37.98 (10 )- 


SE6MENT 6 
.68145 
-,40000- 

27*73* 9) 
— 3i»7 0 1 9 ) 
34.43 
36.70 


SEGMENT 7 
.52544 
4+-30O0Q-. 


SEGHENT 8 
.38925 
l -nZOflOO- 


SEGMENT 9 
.27706 
It 1QQQQ. 


27,95! 9) 

3 1 , R 4 { ?l 


27168! 9) 


27 * 3 | ! ?) 
31,08! .9). 


- 3 8 *54 
4jj. 07 
4(3.48 
-4‘t 


9) 

10 ) 

•HJ+- 

10 ) 

) 0 > 

lOl- 

lO) 

10 ) 

4-04- 


34.46 

36157 

-3-8-,-2-H 


9) 

10 ) 

4-04- 


34,03! 9) 
36*04! 9) 


33.57! 9) 
35.541 9l 

38.41! 9) 
39.38! 9) 

41.46! 9 f 
39.26! 9) 


TOTAL 


35,12 

.39.03 


41,71 

43,93 


'25*40 ( 8 ) 
27.50! 8 > 

- 29 -. ' - 7 5 ( 9 ) 

32.09! 9> 
34 * 32 ( 1 0 * 
-35.97! Ip) 


35 . 1 3 ( 9) 
37»Q7 ( 9 ) 
-38^964404- 
4() * 67 ( |0) 

41,94(10) 


39.00(10) 
41 .80! 10) 
-N-H97-UO) 
42,63(10) 
42,09(10) 


42. 

? 2 1 


65-1-1 

06 

18 


-3 0 ,-36. (4 0 4 ; 42.45( 1 1 ( 4+^02-LUJ 42,&B( LQl 4 2-^j-Q 


39*58 

40.33 

_40«88< 

41,24 

41*55 

44.71 


10) 

ID) 

104- 

10 ) 

10) 

4-0-1- 


36,86(10) 

39168! 10) 

40J9I ( 10) 
43,34(10) 
40,421-9.1- 


47,39 

48,50 

R9,RR 

50,41 

51,04 

-S1...2J. 


*0*0 

6S.Q: 

7p , Q 

75.0 

8q,0 

-&5+G- 


‘ 36,52(10) 
35*76! 1|) 
90*38( 1 |) 

30*93(16* 
28.13! 9» 

T t 

':2Si38( s a'»: 

-:'23i'62,(-"7> 


i" 9 q.O 

h o * ^ '"»?•»»( fi** ~ r^-iH 


uO« 39! 1 1) 
•g9,27< 1 l > 

u 2 , 60 ( (0) 

33.98! 10) 
31.65! 9) 
j^4L 2l 94 
29.13! 8) 
»7H5! 7) 
’A, 1 " ‘ 


120*0 
I 30 * 0 
- 4 4 0 * 0 - 


21*05! 6> 
19.92! 5> 


j4 * 94 ( 6) 
23.82! 5) 


42.00(11) 
46.77(11) 
A? ,9? (To) 
35.51(10) 
33 • 66 ( 9) 
-30-^4-4-4—94- 
3t»43( ; #) 
29,89 (“7) 

‘. ?0.65( 7 V 


rtSQ.Q 
( 1,60*0. ; 
I' u*U 




U7.38,( ‘S>>\ , 5l *28! S) 

\ 1 5V56.1.04 (9. 46 ( 5} 

■ Hi~ . '53’r 4 ) 7 6,4 3! 4 ) -— l-9-M-9-<— 54- 


27 , 54 ( 6) 
26 • 48 ( 6) 

yc t iu i c ) 

* 3 f 8 Tl 1 *r * 

.24.6m 5) 

22. 2M S) 


42.35! 1 1 > 
4t .59! IQ) 
3?* 1 2 ( 1 0) 
36*36! 9) 
34.92! 9) 
— 3- 3 «.8 8- ( - 
3j*64( 8) 
3 i .‘68 t 7) 
3 Q.47I 7 1 


42.17(10) 
44.71(10) 
-30.50(104- 
36 » g 1 ( 9) 
35.72! 9) 
-3-4+-B8 ( 8 ) 
34.(9! 8) 
33*641 8) 


95.31 
40,05 
0+09- 
36.98 

S6 » 1 8 
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10 ) 

-94- 


40177 

38174 

-32-..70 


10) 

9) 

— 94- 


A2jil67 (. .7. ) ... 


29*56! 6) 
20.58! 6) 
-2-7+52-!— 64- 


3 1 • 1 9T 7) 
3Q.32! 6) 


34.98 

34*05 

-33*55 

32*50 

31*75 


9) 
9) 

,<-51- 
8) 
8) 


-74- 


36*97 
36.39 
-35+5+ 
35.49 
34.76 
-3-4,4 2 


9) 
9) 
-84- 
8 1 
8) 
JL1_ 


38 J 76 < 9) 
37,80! 9) 


36(80! 9) 
36140! 9) 
-56^064 — 84- 
35, 75 ( 8) 
35(20! 8) 
_3_4,.70_! 8J_ 


37,60! 9) 
.37. 1ST 9) 


36.50! 9) 
36.24! 91 

-lA.OU 8.L 

35.79! 8 1 
35.39! 8) 
-3.5jtOiJ_itL 


7) 

7) 


26*24! . 5 )' 
24*56! 5) 
2-|-, 5 1 ( — 5 )-■ 


-2-9 + -3S- ( — 64—_ 3^,-904—64 


28* t 7 { 6) 
24.50! 6) 
— 2'3 ,'8 - 7 - (- 54- 


33.51 
32.88 
12 1 t 6 


71 

7) 


29.83 
S3 * 26 


6) 

6 ) 


31*20 

29,74 


7) 

4) 


34,21! 7) 
33,69( 7) 
,33 , fl fl ( ? ) . 


34.62! 8) 
34*18! a! 
-33,-631— 7-L 


-85«40<- 64- 


42.05 


( 5,63 


40*20 


49*00 


48,92 


- 26 ,- 9 - 7 -<— 64 - 
48,52 


32 ( 23 ! 7 ) 
30187 ! 7 ) 
28 ,4 

47497 


32 * 85 ! 7 ? 
81 . 55 ! 7 ) 


47.42 


50, t4 
49*87 
49.36 


45,52 

44 , S3 

-43,85- 

43,31 

42,44 

41 .7 2 


41,07 

40,40 

39,66 


38,69 

37,23 


57,17 






„ A* 7*. 21 

? 1 . 1 3 

69.60 

67.53 

69* St 

61.29 

56.78 

51,01 

93,93 

97.95 

eO . 09 

51.13 

So. 82 

99. 95 

8 8.36. 

96.66 

-.99437 

91.97 

96*01 

i(8.76 

Sp.00 

99.86 

89,20 

97.79 

86.3 1 

99*22 

91.60 

99*35 

97.25 

98,72 

9fi • 79 

98.38 

97.18 

95.92 

99.02 

91.67 

<f 2 t q A 

S f t; c. 

<47 t 99 

<47**1 

9 7.-9Z— - 

q£*J49 - - 

95.98. 

93,79. 

. .. 91.69- . 

i% -V’"'- 90.39 

^3. 69 

95.68 

96*28 

96.95 

. 85.73 

99.98 

93.50 

91.66 

'■ ' •' ■ 38*08 

9 1 * 50 

93.89 

99*81 

95.32 

99.87 

99.93 

93.17 

91.58 


- 0.11 

q j t A 

<4 3 1 -| * 

qq # 

9 3*12 - 

83.10- 

. 92.78 - 

-.9. 1.-9 6. 

32.59 

36.99 

39,66 

9^*32 

92, 6S 

92*85 

93.10 

92,39 

91.29 

29.30 

33.59 

37.17 

39*26 

81,06 

9 1 .65 

92,30 

91.83 

91 .07 

K.A 1 

1 1 ) . 1 ft 

iq *3 A. 

36*93 

— 39_.2fl 

. 9o.30 

. . . 91.90 

. 91.25 ... 

„ . .. „ 10 .t 8 Q. .. . 

, 21*30. 

26.31 

31.15 

39*29 

37.26 

88.77 

90.38 

90458 

90.98 



Table A-9c: 

The shear noise 

INTENSITY 

AND FREQUENCY 

AT x/D=60. 

DATE 09057.3— 


CoNVEcTjON MACH 

NO * fa 1.90f 

SPEED 

OF SOUND 

RATIO- 2.00 

Vo 

code. 2 



SHEAS NOISE INTEnSJTV(i>ECIBEuS) WITH FREQUENCY BA n O NUMBERS 


ANGLE 

(DEG) 

mc 

X- 

segment 1 
1 .37228 

segment z 
1.29236 
I.* ftnnnn 

SEGMENT 3 
1 . 1 6938 
1 .TiM.nn 

SEqMENT 9 
1 .01661 

SEGMENT 5 
,099|9 
L-»5nQ0Q — . 

segment 6 
.68)95 

L .-90000 

S.O 


17.001 

9l 

22.I2< 

51 

26* 1 1 ( 

51 

29*23* 6) 

31.09* 

61 

3 1 *90< 

7) 

-10*0 


20*78 +- 

-9-1— 

? 5,-9 St 

-51- 

29 • 9 9 { 

5) . 

33 . 121 - 61 . 

38*881 

71 . 

35* 1 9 t 

71 -- 

15.0 


23 « 96 ( 

4> 

28.681 

5) 

3 2 • 76 ( 

6) 

35 . 85 ( 61 

37.90 t 

7) 

37*59 * 

71 

20*0 


25 • e 5 ( 

5> 

•* 1 * 1 2 * 

S> 

35.201 

61 

30.20* 71 

39.631 

7) 

39.53 * 

8 1 

«, e n 




. 11 1 t A \ . 

3 . 7 .. a ) 


— 0+*-30+- 

7-1 _ 

<t 

4 

3 

J 

a* 












30*0 


30 • 36 t 

5> 

■>5 « 68 1 

6) 

39.59 1 

71 

92*08* 7) 

92. S3* 

8 1 

02*18< 

8) 

35. 0 


32* 96 < 

6 ) 

37.711 

6) 

9|.35( 

7) 

9 3 .38* 81 

93.68* 

8 1 

82.77* 

6) 

-00*0- 


39 *859 

6 1 

49 . 73 ! 

71 

92.951 

71 

8*. 39* 81 

00*22* 

8) 

8 3*00 * 

81 

95*0 


36.81 t 

7) 

14 1 . 5 8 ( 

7 1 

99. 19 ( 

81 

9 4 .99( 8) 

98*39+ 

9 1 

93.10* 

8) 

&o • 0 


38 » 6Q 1 

7) 

<( 2 • 87 t 

8 1 

99.78( 

81 , 

85 . 00 * 9) 

88. 1 2 t 

9 > 

02*83* 

9) 

-65*0 

— 

-39*4-01 

8 1- 

— *3,451 

■ 01. 

99.971 

9) 

89*32 *~ 9-1 . . 

- -83-.4Q1 

9-1 

02*39-4 

. 9-1 

60*0 


38*891 

9 > 

n 2 « I 6 ( 

91 

93.171 

9) 

83 . 00 < 91 

82*99* 

91 

95*31 < 

8) 

65*0 


36»98 ( 

9 > 

y 0 * 0 6 ( 

9 1 

91.181 

9 1 

9J.72* 9 1 

99.711 

91 

37*71 * 

31 

70*0 


40.381 

9 1 

+4 2 • 6 0 f 

9) 

92.9?! 

9) 

36.90* 8) 

38.50T 

01 

»2*02< 

31 

75»0 


27 . 56 ( 

8 > 

2 9 # £ Q ^ 

B) 

29.961 

8) 

29.59* 8) 

28.70* 

0) 

2 7*61 * 

3 1 


SEGMENT 7 SEGMENT 8 SEGMENT 7 TOTAL 
• 5ZS9 9 *38925 .2770* 

_L *30000 _|.t_20O0O LtiaOflU 


30.781 7) 

.39 4 92+ .21 

36 * 76 ( 71 

38 >55 ( 81 
-19 . -90 <- 81- — 

0O»9O( 8) 
0t.39< 6 1 

0-l*4A-<- 81 

9 1 • 75 ( 8) 
0!.78< 8) 

9-9 .IM- 81 

39 * 1 7 ( 8) 
39.97( 8) 

.304 98 { 8) 

26 « 38 ( 71 


29*771 

71 

28*801 

7) 

38* 

06 

33(351 

JL) 

.37.351 

7*1 _ 

02. 

, J-9- 

35.61 ( 

7 1 

30*591 

7} 

00. 

.67 

37.33* 

30,6) ( 

B) 

,6 ) 

36*291 

8 } 
fli 

06, 

08, 

,68 

O0_ 

39.581 

8} 

38*691 

8l 

99, 

.76 

0o*n< 

8) 
a t 

39.501 

U H . Oi t 

8 1 
a i 

SO, 

C 1 

73 

An 

- 0045-21-- 
91.051 

-ti- » 

8 1 

q -y 6-7-0 - 0 — 

01*061 

-OJ — 

B 1 

31-1 

52, 

21 

03.391 

81 

37.351 

si 

52, 

00 

30,00-1 

8-1- 

_ -3 -0 *46-1—01- . 

£2* 45. 

35f 11* 

6) 

32*181 

7) 

61 

.12 

31,901 

8} 

29.631 

7 i 

09 

.20 

20,651. 

7 J__ 

_ 26-1-85-1, 

_25 

97 

.82 

25.001 

7) 

23*621 

7) 

37 

.50 



•0«0 1B.6Q* 8) 2 1.4Q< 8) 22.58* B) 


nrn r 1 

9b*o *9.9*oo(. 7 ) 

100.0 9, 42* 6> 


I 20*0 
I 3()» 0 
-J- **CH -Q- 

tso*o 

i<>o*o 


14.25* 4 1 
1*4 • 6B < 

-3^- 

|3*84C 3 * 
U*45t 3> 


.3.46 


«99«0b< 71 
?2.B5< 6 J 
-t6+-<W 5 )- 
1 7* 82 t 4) 
^6,29* 41 

i* 

>)7*48( 3 > 

■ 76.U< 3) 
43*33-1 “* 

i'7.25 


•99. D0< 7) 
14.93* 6) 
-13 .-70* $1— 
20.22( 5) 
20 • 79 ( 9) 

; — 14 .I — 

' 20 . 1 9 1 *t) 

I B • 82 { 3) 
6-*06.*— 34- 

90.98 


2 2 .94< 
- f9«44t 
"9<?»00 < 
l 6 * 37 ( 

- 3f)«-39( 
22 • I 2 < 
2 2 * 86 ( 

2 2 » 9 6 {- 

2 2 « 96 ( 
2*. 22* 

— 48^524 

49*29 


7) 

7 1 
7) 

6 1 

5 > 

5) 

9 ). 

9). 

4) 

4) 

4) 


22 • 00 ( 7) 
14.95* 7) 
“99 » Q0 1 71 
17.37* 6) 
21.491 6) 
23 . 67 ( 5) 
24 *63 t 5) 
24*9-1* 4* 
24.581 4) 
23 . 46 ( 4) 
2(}*#3< --4-1- 

49.32 


22.30< 7) 
t4 • 66 I 7) 
•99*00* 7) 
17.981 6) 
22*63 1 - 41 
2 9 * 89 ( 5) 

26,10* 5) 

- J 4 . 60^- -5 1— 
26*46* 5) 
25 * 49 < 5) 
.* 2 .974 -44 - 

48.40 


21*55* 7) 
14.451 7) 
“99.001 7 ) 
18125* 6) 

2 3.21 * 6L 
25 . 75 ( 6) 
27. 2I( 5) 
— 2-T-.-94-* — 5 L- 


28.00t 5) 
27.21* #> 
..34.* a M— 5) 

4 7* 10 


20.59* 7) 
13479* 7) 
-99i00( 71 
18416* 6} 
23.40* 61 
26 * 20 1 6) 
27.89* 6) 
— 2 8.83* -64- 


19.45* 7 1 
l 2 . 8.94 - 71 — 
-99.00* 7) 
17.741 7> 

— 2-3* 244 — 6-1 — 


26.20* 61 

28.07* 6> 

-SjS-t-l 8 * 6JL 


29*08* 61 
26.45* 51 
-264 174-54 

4SJ57 


29.57* 6? 
29.05* 6> 
._2.6-.ftSl. 

44.04 


31.12 

23.26 

-89,46 

26,14 

-30*8.5- 


33,23 

34.61 

35,3* 


35,36 

34,58 


57,05 


Table A-9d: The total noise intensity at x/D = 60, 






CONVECTION MACH NO. 

• 1.40c- 

SPEED 

OF SOUND RATIO- 2,00 

Vo CODE- 

2 




ftOj.SE 

INTENSITYdiEClBELSl 









ANGLE 

tOEGl 

SEGMENT 1 
t*C 1.37228 

segment 2 
1.29236 

SEGMENT 3 
1.16938 

SEGMENT 4 

1 .01861 
1 . Annnn 

SEGMENT 5 
,84914 

1 , 5flpp0 

SE6MENT 6 

i6® 1 45 
1,40000 .. 

SEGMENT 7 
.52544 

. -t., 3*jooa — 

SEGMENT 8 
• 381*25 

.... l-«-2m0Q- 

segment ▼ 
,27706 
1 . 1000 O... 

TOTAl 

5*0 

-A T* 

- 

1 8 ♦ H 

1 + BQ^uQ 

23.27 

27*27 

30**3 

3^1^ ... 

32.37 
. -36*26 

32.95 
-36,76 

3 2*60 

. 3 6-*- 33 

31.86 

-3S4-53 — 

3 1 * 1 3 

3.4, 7-1— 

40,11 
4 3 t .90_ 

-4*7*0- 

15.0 

20*0 


— 2 1 * 9 3 — 

24*63 
27. q3 



29 .88 
32.34 

33*97 

36.45 

37.13 

39.54 

If J . AH 

38.93 
41.17 
... 4 3.02 — 

39,30 
41.35 
. A) 2,-9 7 - ~ 

36)77 

40*68 

4-2*15 

37.90 

39,74 

_4.l-.4-S — 

37,1* 

38.94 

40.37— 

46.45 

48,53 

25*0- 

30*0 

35*0 


— 2-9-.-Z-9— 
31*56 
33.66 

36.93 

38,98 

4Q.92 

42*73 

— - 44»4t - 
45.79 
46.60 

43.57 

44.96 

46-.1 0 

46 . 88 
47.13 

44.58 

45.55 

4A* 

44,27 
• ' i)4,98 

i)5 , 43 - 

43,30 
4 3 * ?0 

.. -4J).i30 

42,25 
42,86 
— -43*3.7 

41.56 
42*47 
43.95 .... 

51,74 

52,77 

53.72 

— 4 0 * 0~ 
45.0 
50*0 


— 3 5-.fi 6-. 
38.07 

39*98 

— .4 l-« 04 — 

42.97 

44,43 

46.61 

46.56 

46.n^ 

45,62 
45,53 
fi 5,26 — 

44.51 

44,68 

- - 47*72 - 

43.99 
46,35 
--4 2 *-73 — 

44*47 

41,42 

3-9,81 - 

54,42 

54.81 

-5-5-M3- 

60*0 

65*0 


— 4f-.(}6 — 
40*88 
39*42 

44.37 

42,69 

4-6-*->»-t- — 

45.63 

43.99 

45.69 
44.66 
41.-16 - 

37. 16 
35.19 

45.32 

47.72 

48.32 

42,05 

43*05 
40 * 1 2 
38*45 - 

40*32 
38.86 
. 37.83-- 

38,70 

37,85 

3 7 , 2.2_ 

§4,94 

52,57 

70*0 

75*0 

80*0 


-43.-39- 

32*58 

28*59 

45 . 61 

35,33 

32.04 

45.93 - 

36.58 

33*98 

— — V ♦ “O- 

37.43 

33.93 

37,46 

36.36 

37*33 

36.S3 

37,08 

36.52 

36,72 

36,33 

46,16 

44.72 






Table A- 10 b: The self noise intensity and frequency at x/D = 70 , 






T>»T g ■ 0<>OS7V . 


CoNVEcTjON MACH NO.& 1»20 q 


SPEED OP SOUND RATIO- 1.85 


VO CODE- 2 


' -.X xx- x v- xXN" ':;^x - \ / *c. ; x- Jx-X' . v ’ - • >*' V X \%.:y ■ > 'h. •? wj, ->/ x 

>> SELF.' N $1 SE'.;i N TENS IT Y< D | C I BE L S ) 1 WJ T H-/F RE QuENCY ; 9 ANp-^UM^ER 8 X,; •.Y 1 .’ Xl, £ ;££- £ j%V?‘ X . 



SEGMENT 9 
,87130 
—1^4-000 


1S.0 
20*0 
HW+fih 
3o».o; 
3$ *o 


- - - *, , ' i'.-'y-' 

( ;-2|*7A< >7-K';/ '23*5 

2b?77( 8) 

- '• # n t 


SEGMENT 5 
^72781 


'"■23t.S2^ : «>.- ' ' 

27 .5 5 ( -6) 


SEGMENT 0 SEGMENT 

.33361 *23718 

| f^QOn, U0830Q. 

•NtZLi-'aV. . , / ( 29..I71, V 23» 78 1 SV'v' 



total 


T-. 1 / OOP uum b»- 

./ y/< ;»X j,' “■ CST} >• ■ j '<■ ' -V j 

:; 2'3. : 78 ( #“) f'v V23* 31 1 r.B V ’3 1 **#'l 
2 7 tS 7< 11 — - 2 7.01 1 a ) > - : 3 S . S^ 

inut. 5 , *i Inlflf I 8 ) 29,581 8 l • 38.28 




15.0 

50*0 




•23tS'6Ic7>X; 
v'l- 25 .66t re i. : 
27 t’7 1 (' " 1 



tO ? T f V-, v ' • -; T ) 35 . 2 0.'; 

27*711 .6) - r-;33,ap 
JLS,.0X1— 6 j ± 31 ,07„ 







17*69 

81.37 

88*09 

88*66 

85. |7 

88.66 ' 

88*29 


83*77 

82,82 53 

/V 'v**v-iW*!*;'-r*7 

a 8 *" 

67*36' 

, ” 65 • 1 7^ 

62,32 

58,. 69 . 

58, 10 


8813! 

80.87 

1 *■ * ' ' “ K ' - “ , 

88*08--. ' 

9-7 , 28 


87* 17. 

86.70 

8 8 » 7 2 

82159 


80*07 

36*89 1. . 

82*89 

90*81 

95,92 

98.85 

86.39 

85.08 

96.17 

85*09 

«t.97 

85.98 
88, i2 

93.71 

88. <1 
83*65 
9 3,01 

82)30 

81,96 

81.55 


80,08 
39*98 
_3.9_.8Q 

36,80 
37 » 03 

-37-..13 

..... J B > V V ; 

37*014 ' 

,38 V 8 6 ■; 

s ' 9 1 ,» 1 0 
^9.21 
4.u ' 

42*11 ' 
• 80*83 
- 30 » 59 

82*63 
8 1 »’23 t 

3tf.7rt 

82.72 
81.68 
8ft i 4 8 

■ ' 82.3! 
8 1 » 69 
9^.68 

81,09 

80*57 

39.98 


39,59 
39J 33 
32.J.QJ? 

37*28 

37.32 

37*2.9 ; 

— — . . ..*> f, t 'J J 

29.98 
27,16 
7li . 0 A 

mm 

36,56 
38*37 
3 1.97 

38*02 

36*16 

3«,ll 

39.13 

37.68 

36,rt6 

39.72 

38.66 

87.98 

39,3! 
33*56 
37.7 1 


38,68 
38*21 
37*7fl 

37.21 

37.08 

36.88 

•■V f-">; , 20 *50 ■ 

i J \ / .-y s'f / 

( / * ' ♦'/>'* iJ ’ 

— gll ., — 

26*71 

'29,18 

3 1 » 8 r 

38.27 

36.17 

36,77 


37112 

36.63 



Table A-lOc: The shear 

NOISE INTENSITY AND 

FREQUENCY AT X/D = 

70. 


- ./ K ; v 7 

- S s - , ' 






n*T E 

0»n57i 


C0NVE C T}0N MACH N0.» 

1 , 20c 

SPEED 

OF SOUND 

R AT [ Om 1.85 

Vo 

CODE* 

2 



'SHEAR 'NOi'SE 1 NtElijS t T V « o^C t SlECS » WITH iREQUENCY BAND NUMBERS 


ANgLE SEGMENT 1 SEGMENT 2 SEGMENT 3 SEGMENT 8 SEGMENT 5 

(DEG) MC 1.17428 1.10778 I.CQ232 ,87(38 ,72788 

— r -A- 1, 7 6 ^0 0 l-^9i8Ch -^-U-S-1-QOO -14-9-2^00 

S»6 ' -f|S*7,5( -3> - 26.87r'8> 29...S6f $> 27.00! 5) 27.98< 5) 

-44+ 6 lS U-& 2 ( - 4) - g 8 «.. 7 8 (/ 84- 2^.5o <— SJ ^^ASU—SJ 3-l-*T-7-(— 64 

| S • Q 22 » 8 2 1 8 ) 27.62< 8 ) 3l.32( 5) 33 . 60 ! 5) 38.31! 6 ) 

20*0 28 , 8 8 ( 8 > liO.QBt S) 33.66( S) 3S»76( 6 ) 36.29{ 6 ) 

25*0 ■:■ . 3 7 * t O t S> 3-2-^2&-( — 5-) :-3-5.- 7 - 3( — 4- ) 37-.-S8 !--61 3 7 . 7 5 t — 74- 

30*0 - 29 * 1 8 (. 5> 3 8 » 26 ( S) 37.83( 6) 3e.87< 6) 38.78C, 7) 

35*0 3| , ) 8 ( 5.) 3 A , 03 ( 6) 38 ^ S f ( A) 39.82! 7) 3?#83( 7) 

' 3 2 < 88 ( - A) — y7^8 -5- ( — A.) 3- 9 -.- 7 -M— 74 « 0 -.44-l— 74 354^04-74- 

85*0 38 * 28 ( 6 ) ' 38 . 81 ! 7) 8o.22( 7) 8 0 .92( 7) 39. &2! 7) 

50*0 38 • 93 ( 7> 38,67 ( 7) 8iJ*07< 7) 8 0 .03( 8 ) 39 . 1 ?< 7) 

■ 5 5 * 0 .3 8 « 7 0-t — 7-1 38 , 09 ( 8 ) 3-9U-2- 3 ( ■.■■■ S -> 3-9.,-l-94— S> — 38-. 49< 74- 

60*0 33*52! 8 ) 36.70! 8) 37* 8 1 t 8) 37*98! 8) 82.?2< 7) 


segment a segment 7 
,58810 *85037 


SEGMENT 8 SEGMENT ? 

.33368 ,23788 

5-+-1-7-QOO M-0&5-00 


27*73! A) 26.82! 6) 25 i 72 < A) 28»72*> A’ 

_3,j-,-8-2-( — 44 30*-82-( — SJ 2-9>28(-AJ— 28-..2-8-(^-Aj_ 

•33.82< A) 32. 73 ( A) 3H5H A) 30*88! AJ 

35.53! A) 38. 39 ( A) 33*13! A) . 32.12! A) 

IjtTtT! - 7> 36,83 ( 7 ) 35117! 7) 3,8*' 88 ( 4» 

38*29! 7) 36 1 93 ( 7) 35*77( 7) 3S‘.S8(.7> 

aal^loi 71 37. 30 ( 7) 37*381 7) 38*781 6> 

38.15! 7) 37 , 72 ( 7) 39,02( 7) ’ 31*851 6} 

-38.1-8 (—7 ) 90. 28-1—74 32-^834—74 2-9-.S-2 X— 6 J— 

90*A8( 7) 32* 79 ( 7) 29176( 6) 27.25! 6) 


total 


35,21 
38,78 
81,88 
83,36 
88 . - 7 2 . 
86, JO 
87,02 
-8.7-,jlO- 
87.86 
87,85 

87,26 















'8.) <*j.23< 7) '38,521.7), 3 1 * 45 < 7) 

a.7-V't-<».t-^7-J— ' 3 t .86 t 7 ) : .3q* m < ,.t,i - : 7J £7-hja_i_7j. 

7S*0 2|» 1<M 7> 2 3 » 5i<( 71 29 » 25 ( 7) 2<*.16! 7) 23.58( 6) 22*7o< 61 

8q« 0 13*58! 6* 76.45! 6) I7.72( 6) I s • > 7 < 6) 1 8 • t 2 ( 6) |7*7o< 6> 

— ■ 4 *80! 6 > . 7 » 9Q. I 6 ) — S -.4 L7 -(— 64 t-o^-2- B ( A) ■ — ^U).s 7 - < -6 ) H4+48-<—64- 

-.'VO*0^ '»’»*6o<- S^ ' < »97«00? S>' . -99,0Q( 5 V f99*00< 5)' ‘ »99.00( 8) -»9«00< 6) 

't00*Q.V "r. 5» 85 < ~'5 1 V' : ?"»23.1 5 1 \n*24( SJ I 2 * 60 ( 5) 13.50! 5» 'h»Q2< 5) 

HO»Q. 9*66< »» :■ ■ I73.t 12 c «M' ' LS44W4_J! 4 l . A . . .8 8 .!_ 4 . ) li . frS! - 54 - 1-8*6 6-t~54. 

J 20*0 1 1 » 23 ! 3» T 1 * • 7H < 4) I 7 * 0 *t ( 4 ) la*82! 4) 20«23! 41 21*3o< 

|3o*0 1 1 • 85 ( 3 ) V5«H0< 3 ) I 7 « 80 f 3> I 9 - 7S « 9 ) 21 * 36 f 41 22 * 66 < 4) 

| 4Q . 0 1 1 »-85 3 1 - T 5 « ,H 7-t^3-> -17-,-9-2{ — a) — 2o*D0f-JU M_._80 t— iU 2-3*J4-t— 84 

s-|S0*0'V'.- -U'»29<-‘-2) o/- 78.80< 31- -.17*89! 3) 1 9 * & ^ C 3) 21.59! 31 . 23*291 8) 

160*0 '' I0»0K' : 2> ; 73.60! 2 1 ' 16. 211 3) 1 0 » H9 < 3) 2o»S8! 3> 22*43! 8) 

I7Q.Q' "7*2B! '2> 1 ,0.B7( ?) 13.5?( ?> 1_&.JUJ_3) 1 fl . if )2l 34 i.9.*_9J9J_ J» 4 


29 • 03 < 7) 26. 8 7! 6) 28.86! 6»' 86,01 

-2SVi 6.( 6.) — 2-3-,-0-8_( — 6J 2 2.-2Q-L6J ■ .91.,J13_ 

2 1 ; 6 3 ( 6) aoi'tM 6) |9,06l 6 i 32,|3 

1 7 • 00 ( 6) 1 6 i 09 ( 61 14.981 6) 26,8! 

-UJ-.-07-4— 64 9-^aoi—i-! a^Jia.L-AJ t_8_».8x_ 

*99 >00 ( 8) *99,00! 61 -99*001 6i *89,96 

] 8 • l 8 ( S) 18, OH S) 1 3 . 5 1 ( 5l 22,18 

l_9_»-3-l_( 54 l_9.;3 fl< 8) 19.08! 5) '27, 09 

22,00! 5» 22,30! 51 22.17! Si 29,66 

23,60( 8) 28,11! 5) 28.15! 5 i 31,05 

— 2-9.,.8.6.(— 94 2S-6-1X! 5) 25.36! 5> .JLL«.a S _ 

28.68! 8) 25*53! 5) 25.85! 5) 31,99 

23.96( 8) 25.01! 8) 25.98! 5» 31,30 

2l . 68( 81 .2 24.8.21 4J 23.t32.< S> . 29,00... 


39.80 q3.02 


95.19 9g. 35 85.11 83.85 82.61 81121 38.72 52,83 


Table A-10d: The total noise intensity at x/D = 70. 


— t I Cl8tE--09.05.7J1, 

CoNVEcTjON MACH NO** I . 20q SPEED OF SOUND RATIO* 1,85 Vo CODl* 2 


TOTASJ-'hP I SE T Nt ENS J T y ( riEC I BEUS 1 

angle segment i segment 2 segment 3 segment 9 segment i segment 6 segment 7 segment i segment 9 total 


! De.G > 

MC 

A 

1.17629 

1.10779 

1.06232 

•87138 
t .Cl nnn 

,72789 
l * ilHnn 

.58910 

.95037 
l . ?c,9nn 

.33369 
J . l 7nnn 

.23748 


5* O' 


16*73 

21*87 

25*60 

28,19 

29.31 

2’.33 

28*70 
*2 * 

27.86 „ 

27*0» 

'30.71 

36,80 

90,59 

15.0 

20*0 


23*93 

25*86 

28.66 

31.11 

32.81 

39.80 

39.89 

37.06 

35,79 

37.82 

35.59 

37,97 
1 0 0 1 

39. ei 

36*59 

33.87 

•35*61 

11.5. 

33.07 

34.82 

83, 15 
45,14 

.*,77 

. .30*0 
35*0 

...90 .*>- 

, 

30*23 

32*23 

35,39 

37,22 

m.7e 

38*70 

q | T ?7 

90.33 

91,97 

a?.i; 

90*61 

91.91 

«] .ft* 

39,93 

90,59 

.<*04?3 

38*89 
39,51 
39. 08 

37188 

38*58 

39.20 

37*33 
38. 5* 
3S.S5 

88*03 
99,03 
99.50 

95.0 

50*0 


35*52 

36*93 

39,88 

90.39 

9 1.95 
92<07 

92.96 

92.33 

9J .98 
9f77 

91,09 

90.95 

9o« 1 9 
90.68 

90,36 

42,03 

38.31 

36.26 

50,13 

50.33 





Cf . A 

li . c 9 

*♦0*15 

if I g C, 

<4 1 T 7 2 

m *2* 

<44,00 

-43,29 

3 2, IX __ 

—JSittl 

._.5.0,00 



..-60 *0 

’'6S*p;'V; 

' < 1 n’ 

+4-4-9"* 

• 35*75 
'34*35 

39.14 
37.71 
4(f* * T 

4q* 46 
45.12 
♦ e . fin 

40.81 

44.24 

3g.4» 

45.73 

38.51 
3g.no „ 

43,69 

36,58 



’ 37133 

35*92 

3.4.02 

35,47 

34,30 

23.,iL5 

34*07 

33.37 

50.31 
49,43 
45**2- 

75.0 

80 * 0 
flc * rt 

27*41 

24*64 

A? 

30.46 
20.08 
♦ i.iU 

31.97 
3 o • 0 2 

243.78 

32.77 

31.21 

+ p . i 7 

33.14 

31.93 

'! ‘A 9 

33,22 

32.3! 
3 L.65 

33*10 
32.43 
31.-9.3 

32.8| 

32*33 

3 1-..9-6 — 

32.30 
32*04 
31 .-7-0 

41,75 

40,64 

■■■■gg t U ■ ■ 

'90.6 

i66*o 

■■■ t — — 

' 22 • 6 1 
20*63 

1 OalA 

25,68 

24.35 

.♦.tie 

27*?0 

26*69 

25 T 

29.41 

28.36 

+ 7. A* 

30.46 

29.58 

7R.9R 

31.15 
30.44 
?9, 94 

31*54 
31.00 
3Q..68 

31,67 

31*28 

31.-07 

31,52 
31 *30 
31*17 

39.43’" 
38. 7S 
30.34. 

-H4*o 

1 2o • 0 
1 30*0 

1 V-* Av — — — 

18.97 
18.26 
i ■? . ti c 

1 J 3 “3 * ■ 

22.73 
22.02 
9 1 _ 9rt 

25. 19 
24*53 ' 
+ . - *»c 

27.06 
. 26.49 

7 4 . Rf) 

28.53 
20.08 
77.4 7 

29,66 
29,35 
2.8., -9J 

30.48 
3 0 * 30 

3o*-Q 1 

30.97 
30.90 
. 3 0^X3 

31*1^ 
31. 14 
3 | .06 

38.07 

37.82 

37.49 

»50*0 

J60*0 



16*37 

14*76 

<4 ,f <cy 

20.11 

J0.5O 

it;, 

22.71 
2 | » f 3 

24.84 

23.33 

?n> MR 

26.67 

25.26 

77 . 4fl 

28.22 
26.94 
?4 t ’A 

29*46 

28*32 

. -25+75-.- - 

30*30 
29.29 . 
26.03- 

30.69 
29.75 
. 27. *.3,«j 

36, JO 
35,74 
33,17 

170*0 — 



41.64 

— — 7 

45,28 

47*68 

48.03 

48.15 

47,29 

46.54 

45.69 

44*25 

56,00 


J 

Table A-11as The WKBJ integral and run parameters at x/D = 80. 


THETAtRAol 
• 00 

5* 00 


lO«Oo 

|S»Oo 

2S»0C 

30. Qp 

-35«Oo- 

40.00 
*15. oc 

-5 0 + O fi- 

55.00 
60*00 
65. Oq 


5(21) 

• 10 9 55*0| 

• I 0078 + oT 
.95422 + Q-. 
• , 9 0 23 »)* 0 n 


,04898+0.? 

. 79627*0? 
,74309+Q? 

, 67863 + 0 * 

• 6jj096 + O ' 
-^ 5 -q 6& 9 + 0 ~- 
,3911S+oA 
.24789+0? 
,7 3S87_oT- 


S « H I > 
,98307+0$ 
?+od~ 

, 89539 + 06 
•84187+00 

. 7 on 1 3 * 13 fi 
I r'T VI I t U U 


.73699+00 

,68467+00 

+63219+06 

.56891+00 

.99326+0$ 

. 4 0 2 -53-+-06~ 
.29345+00 
,16305+06 
— +2 1 


S {6! ) S(8IJ 

.87&99+Q8 .75976+00 

-+8-3 S21-+00 .7-2 407-+QQ- 

.67231+00 
.61925+00 

-tS 6-8-1-6 *0 G 

.51606+00 
. 46536+00 
-+-9 | 537*00- 
.35603+00 
.28672+00 


.78330+00 
.72998+00 
■ 6 7 
.62572+00 
.57403+00 
.522S5+0Q 
.9*090+00 
.3R792+00 
-^3-3-1-7 2+OQ- 
,2 c 078 + 0(3 
♦ 8*8 96-0 1 


si ion 

165065+00 
-»6+.S09 + 0ft 
.56362+00 
*51090+00 
-+-4*04-9 + 00- 


.96941+00 

*36019+06 
i-3-l 240+06 — 


S< 12U 

; 595 1 9*00 

--+50970*00- 
195856+00 
,90660+00 
— r 357 2 2+00- 
,30766+00 
♦260*3+00 
,2l 6 0-9*0 f}- 

, 16476+00 
1 0804+00 


*26637+00 
» 19221+00 

20664-+OO 1-1-20*3+06 i49g&S«e4~ 

.11*60+00 .9*367-0* .10275-02 

,25948-01 .38122-02 ♦55538-01 

-4.6=04 *-1-3043+00 *-; 


S( 191 ) 
.94539+00 
-+-94-003*00- 
.35995+00 
.30098+00 
- +2606-2+00- 
,21326+00 
. 16941+00 
-+U294S + 00-- 
.85174. 0 t 
,39771-01 
.23535-02- 
.33285-01 
.14158+00 
1-62*00- 


sii(ii snail 

,35398+00 .27249+00 

I268J5 + 00 . 18-J22 + 00 

,219(1+00 .14176+00 

T^29i9+00 7*006 7*0 1 

,90 1 JO— 0 1 .28266-01 

- 57 1 J2«0 1 .73094-02- 

,23936-01 .98266-02 

, 3 1 2* 1 “03 ,38224-01 

; 3027? -01 .1 0 31 7+0 0- 


,10882+00 ,21191+00 
.255*1+00 .39539+00 
.5312.4+00 .71698 + 00- 



INPUT FOR, MM AX .A? MC, THETA, AND W? NO 

‘BlTAiteo P rintout? no 

alpha l~ sf 

tSOo 1*000 *800 *Olf 

.SHD* IK 1E0_- ALPHA l$j *S»7 9 


PW1DB) 

6.112 


Table A-11b: The self noise intensity and frequency at x/D = 80, 


.* t t . 




CoNVEcTjON MACH N0.« l ,OOo 


SPEED OF SOUND RATIO- 1,70 


Vo CODE- 2 


SELF- 'Nil SE INTENslTYlDECtBELS) WITH FREQUENCY BAND NUMBERS 


angle segment i segment 2 segment 3 


is«o 

20*0 

25*0“ 
30 .0 
35*0 
-HONO- 


RS. 0 
50*0 
55 ♦ 0 


60*0 
65*0 
-70*0- 
75*0 
Bo«0 
— 8 5 -. 0 ~ 


. ’0*0 

ioa»o 

1 1 o *o 

! 20*0 


SEGMENT 4 SEGMENT 5 SEGMENT 6 SEGMENT 7 SEGMENT B SEGMENT ? 

<DEG) mC .98020 .92312 .83527 ,72615 ;6(>653 148675 .37531 .27804 * l,7 ’n 

__ ... — -A U-6-3OO0 |-*-S-6 o 00 1-.-4.90 00 — -UJUOOO 1-.-1SOOO L^jSOOO 1*2 1 00 0 1 . 14Q0O 1* 07 . 0 . 0 . 0 - 

S*0 9,421 s> 74.371 6) 17.651 6) I9*6B( 61 20.581 6) 2o*53< 6) 

— 1-0*0 1 3 *43 1 5-) ffl-,42-1- -6-J 2t-.-7ot— 6-1 23.68 1— 6- 1 2 4. 501 — 7 - ) - 2 4 « 4 


16*261 6 > 
18.641 6 ) 

22*611 6> 
24*181 7 ) 
-25-^57-1 — 
26.621 7) 
27.221 7> 
- 27 -.-Z5-1 — B-L 


26*741 8) 
26*371 7» 

-7-L 
21*391 7> 
19.981 6 ) 
- 1 -8-.- 97 - 1 — 6-L 


71.291 6 ) 

73.631 6) 

•>7.4317}" 
2B.8H 7) 

30.751 7) 
^ 1.071 6) 


24.531 6) 
26.781 7) 

■ ? A « Afl / 7 ) 

to f « O i f I 


30.191 8| 
35.051 7) 
—7*6 • 7 8 1 — 7-1.. 


3q , 2 1 1 7) 
31.331 7) 
-32^1-9-1—7-1- 
32 • 69 ( 7) 
32.77 ( 8) 
^2- 40 t 8 1 


26*41< 7 > 
2s * S 1 1 7) 
- 3 n .- 2 - 2 -1 — 74- 
3 1 *5 1 1 7) 
32*391 7) 
—3-3*00-1 74— 


27.J H 71 
29,661 7) 


3J.701 7) 
32.41* 7) 
-3 2 -^874—74- 


26*971 7) 
j(8 . 8 1 I 7) 


33*291 7) 

33*241 7) 
_32* B9-1—7-L 


18.161 5) 
16.861 5> 
15.791 -4l— 
14.841 4> 


?4.66< 6) 

23.41 1 6 ) 


31.821 7) 
35.401 7) 


37*911 71 
3q . 97 1 7) 
.428.. 5-9.1— 7J_ 


33.081 7) 
33.641 7) 

33. pen 71 


3 1 *21 l 7) 
31,831 7) 
8-2-.25- 1 - 7 -L 


26.371 7) 
281131 7) 


25 1 62 1 6) 
27,351 6) 


24.961 if 
26*721 6 f 
28*161 6) 


36.431 71 
3q.}9< 7) 
-28.47-1 ■ 6)- 


32 • &0 1 7) 
.32.791 7) 


2 l ,72 1 5) 

pO , 4 8 1 SI 
- T9-.46I- 4 H- 
‘8, 531 4) 


26.39( 6) 
25.321 6) 
— 2-4. 504 — 6-1- 
23.821 5) 
22.691 5) 
-2 1.-74 (--4 7 
2Q.871 4) 


27*361 61 
26*491 6) 

-2S~i 

25*211 S) 

24*221 5) 

- -- 2*3.37 1 — 4 1 — 
22«58( 4) 


27.861 6) 
27,171 6) 
-64- 


31*581 7) 
*9.58t 6) 
-J-8-M.6-1— 61 


321 1 5 ( 7) 
35. 64 ( 7) 
3l.-42.t_ 6.L 


29.811 6) 
28,951 6) 
26.3S.1_AL 


33,921 6) 

30,821 6) 


26.121 5) 
25.201 5) 
-24.551- 51- 
23,671 41 


28» Oil 61 

27*481 6) 


26*651 51 
25*971 5) 

-25-3TM— S4- 


27.891 6) 
271501 6) 


28,751 6) 
28,241 6) 
_2-7-.-8.61 6) 


29.S51 6 1 

28.641 if 


27.741 6) 
27,451 if 
_ 2.2-i_ 2J2i— 6-J- 


27.551 6) 
27.281 6 ) 
-27-1-04-1 — 61- 


27. OH 61 
26.831 6 1 


2 4 * 8 D 1 41 


26.871 S) 26,821 5) 26, SH sf 

26,341 51 ' 26,421 5) ?6.23< 5> 

251411 5) 25*691 5) 25.661 51 


total 


20.181 6) 19,531 6) *8.891 6| 28,30 


34.01 

36.74 

-3 6 . 29 


30*421 7) 29,661 6) 29.451 6> 39,50 

3 1 i 04 1 7) 30,441 6) 3J.351 40,46 

71 31-^4 6-1 .6.1 26-*-6-l-l — 6 J — 


41.60 

41,85 

4 1. 74 - 


42.86 

40,90 

3_7_..3_2_ 


36.87 
35,76 
35.28- 

34.88 
34.20 
38 .l l - 
33,09 




* }»» •« »» ^ is;s; Ji_ iiii'i ?v^i ; ,!> , : 

r"i6o*o •' * if * 7 f r s* 9 ^ i.- : '3 1 i~/ y%j,» 87 ( <' 3 T-.P- z i*j6« *.9) ; 2 2 • £ 2 * h» .. ’■ ,23* 55 <, ‘•j ?***ii! » -V ~ * *iy f j-i f J. ' '•'■*' 29 * 7 » 

SsikS* u'* zot^s) r-ftt'e *>* < a > * * W' 3 > V ■ * »‘* «•< ; « >. *' « ;>‘«i » • . *?♦’* 2 4k ! '^ ‘o 

^ -7 . p a t ? > ~n.7*t- ‘H it. 1 1 ■ ? 7t'3 1 to 9SA.±Xi^ — i_14JU044— — LH-8*-9^J— 6-1 1 9 * 6 1- 1 — 9 - ) ^ 2 O fJlUAL ’ - 20* A 3 I ., : , S . j ._ 22^DA. 

32,77 37*4? 39«0* 1q»2Z 9Q*09 39*66 39*37 3e,70 37«7J 98, 

37.92 . 90,06 91.13 9Q.86 90*0^ 33*69 36,75 39<I2 30*35 

36*00 38.75 9o*02 39*96 39.37 38*26 36*56 39*16 30*75 

3 9»-9- 7 -r , ., <7 ,3 6 4^-8^ s-J flj.97,. . . 3 » *6 3. „- v -s-,,- »7 « 7 6 „, ,. K ■ .* ■ >* ? 3 », ~ *.* » -< 

r>:* =-.j'--'<-*3li'06 ^U>U'^U\2Z^'~< '•■/-■•"' ^36 * 1,9<- .v','\(~36*7V-'‘ ,> 3 6 91 'l;,:;, 3 6 V ft 7^ ; ; -35 *6^.,^,^. 1 . . 33* 92-;.'-j » ;• 3 1,» 6|<- 'j-'l 

27, 0 9 J0.55 32.98 3<i*06 39*83 35*03 39*70 ^ 3 *?t 

29.83 ? 8,96 31,18 32*56 33.63 86*20 39*13 33.13 31.60 

22* 39 g6.17 29.2Q _3o.*J9JL s r -ZZ* 30._ — — 33 * 23 . ;-— 1; 3 3 * . 9 8 . — . , ,,. ,3 .2* 79 ^ ^ , 3 j ; **3 —- — r 

D -it '■ *|Wv;j ;> v ‘4 zftoi,-.. *'vf :i£*;vr ^ 

‘-y-y,., .-.i-,!. - - -' » . <>* V. ; ..- -,-a. ? * "Vv .'■-- v. *' a ••*■ y~ >•' "- - <■' ■■ -- • ~ - \y. • • 


Table A-llc: The shear noise intensity and frequency at x/D = 80, 


, .-a I -v ->>-.<ry ^ <'~ 






C0NVEcT‘[ 0N HACH NO . * l.OOo 


SPEED OF SOUND RATJOa li^O 


vo eoDf. 2 


; % " 1 a - 7T T 7 • ' :V . 7 rr 7 ^ ~ : “ “ " TpTf ^ :/ ; 7F :; ’ v^; :: ^ ^ ->f « 7i ^!y • ’>• ' • . 

ivSHEAR^.'NOlSt:' l^TENsYryi dEC| 8 EL;s ) ; ,wVf H' F.RE "Q Q E NC V PAnO NUMBERS 1 -,V ’ } '"V> - jCv ; -/cv" H“.' ‘ . *, 

angle segment i s e ghent 2 segment 3 segment 9 segment s Segment 6 segment 7 segment e Segment 9 total 

(DEO* MC .98020 .92312 .83527 ,72615 ,60*53 ,98675 .37591 *27809 ,19790 


(DFG> MC .98020 .92312 ,83527 ,72615 ,6tj653 ,98675 .37591 . * f „ 

■c. .-v^kv!^ 0 — ^ : ^“m rry .,i^w v ,,, .j-^ oo o.^ >?>> . : ^o fe o i;; — !^^og.,^yuo 7 gg o . ;- : - 

s*- 99 i;; 3 r 7 '/ 29 * 2 V‘ • > 29.521 -.m : H 1 1 

' !?* - It* ?? ! ?"! - ?* !!i \ \ " «<*» u« 27496* 51 2**671 s> 25*611 9 > 37, 


22*111 3) 
29. 311 3) 


?6. 791 9) 
z 8,86< 9) 


29.371 9) 
3|.33( 9) 


3o*92l 9) 
32*191 S) 


30.201 5) 
31.831 5) 
M — 57" 



29*231 5) 
3q * 77 ( 5) 
~ 3 1 * 0 6 1 .51 


27*961 51 
29 4 95 ( 51 
30*S2 ( — 6 I 


2* , 67 ( 5) 
28*161 5) 
29 ^ 2 61 ,5 1 


.70 

25.611 9) 37,79 

27*161 5l 39,96 

_2«. ; . 9a< ■5- i — , 90 . . 7 . 7 ... 








33*561 5) 


{34i63l S) • ,”3^*83« 


34. ($9.1 51 32.89< 5 ) 3 J * 62( 5) 3q» 68( 5) .31.* 38 1 '$ j *12, *5 


45*0 

5o»0 


30*071 5> 
29, 84 ( 6> 


34*79 ( 
34*22( 


3i* * 73 1 6) 
3 1| • 1 6 ( 6 ) 


33*961 6) 
33,541 6) 


82*961 5) 
3 2 * $7 1 5) 


32*311 5) 
35 464 ( 5) 


334921 5) 
29,371 S> 


27 *9 i 1 5> 
25*661 5> 


42,68 

42,40 


* :BS*0; — r 

^ x ; 6 s*o;^v 

-2,9*001,-6 

:27*66(,6), 

26*591 ■ 61 -." 

»i.ati i'l 

- — 3~2 .4-3-1-6-) — 
'' ’.30*78.1' 61 - 
.;,:>5 405( 6 ? ’- 

-- . 3-3*-2-3-(— ^4— 
' 02.121 6 ) 
35V401 6 ) 

ll.flA i “Cl 

33*341 63 — 

37*911 6 ! 
29*141 5) 
tn 

.36*431 

26,g?j 

- 6 -» — 
5) 

5) 

5 1 

36 *57 (—5-) — 

29*86< 51 

i4*a?* s) 

2-9*85(—54- 

26*I6( 5 1 
22.981 8 ) 

1 0 i 78 ( <; 1 

2 6 -* 344-5-1 — 
23*731 5) 

2 1 * U 1 S) 

4) 

— -23,6 1-1—44 — 
2|i5|( 4) 
19,251 41 

- 1 6, 7 | t 4 1 

41 ’,42 
39.61 

75*0 

8 o »0 

14*631 5> 
8*111 5 ) 

T7. 22« 5) 
1 1 *00 1 5 ) 
7 , 04 * 4 \ 

16,161 51 
12*311 4) 

10*281 5) ' 
12.831 4) 

17.891 
1 2 ,826 

51 

4) 

4J 

17*151 41 
♦2*43l 4 ) 

16.17( 4) 
ll*74( 4) 

15*001 4) 
10.811 4) 
4|73l 4) 

13,661 4* 
9,671 41 
7.?81 41 

26,27 

21,08 

’/ _’9o*,0; 

;:| 0 p* 0 '<- 

•99*001 4 )- 

'; : 'l*771- i 3>.' 

3» 

-„*49i00< ‘41 
‘ 5*071 \3) 

' Q ’ 1,11 •« , 

*99*001 4} 
6*98,1 31 

*99*001 4) 
8*221 31 
1 2 - f 

*99*601 

8*99t 

11 . 1*1 

4) 

31 

*99.Q0< 41 
9*371 4) 

4 it * 11 W 

*99,001 3> 
9*401 4) 

|*I. 6<»1 « > 

*99,001 4 1 
9,081 41 
| 4 J, 69 1 <*) 

*99,001 ' 4) 
8*441 ,4 1 

: |4.19( 4 1 

*89,46 

17,54 

t2o*0 

130*0 

7*731 2» 
8.571 2 ) 

7l«|5( 2) 
72.031 21 

^3 . fU ( 1 * 

13*331 2) 
14*311 2) 

14*951 3) 

16.081 21 
t , . K. 1 1 9 1 

1 6 . J B 1 

17,501 
in., 11 

31 
2 ) 
9 1 

17*051 3) 
18*581 3) 

17.541 3) 
1 9 . 29 ( 3) 

17,641 31 
19*571 31 
7 [) J 7 A 1 3 * 

17.321 4) 
19*401 31 

7Q.7;( 3> 

25,22 

26,83 

7 7,73 

iv< * ™ ” <“ , 4 ' 

150*0-'"'*'; 

■>' 160 * 0 /---' 

-^J8*0 - 

t- 8*361 ’ i >'V 
f?.-iet- |)\ ; 

’ „*f J * 8 5 1 1 ) 

; io»69.r n 

a.o3 t n 

14*281 1) 

I3*17< |> 

— 7 — |0-»55( — |.l— . 

• 16*301 2 ) 

15.281 2) 

l-g.,-7.21.- 21 — 

te.pBi 2> 

1 7 , i 6 ( . 2 ) 
1-4,49-1 — 2 - 1 —- 

19,811 21 

1 8 4 >a < - 2> 

20*611 3) 
20*05 I 8 ) 
1-7-.. fl4-(— 31- 

2 » i 2S< 31 
*, 20,851 31 

LB 1,76 1 3 - 

21.331 3l 
21 ,041 3* 
19*031 3-1 

27.99 

27,39 


34*33 


38*57 


39*81 


4q,31 


39*49 


38*54 


37*23 


3t>,68 


33*44 


47,59 


Table A-Ud: The total noise intensity at x/D = 80, 


• X . - 


CONVEcTiON MACH N0.» 1 .00© 


SPEED OF SOUND RATIO- 1.7o 




VO CODE- 2 


TOt^L''nOiSE.'1NTEnSITv1oECI8EUS1 


angle 

10EG) 

SEGMENT 1 
MC ,98020 

SEGMENT 2 
.92312 

SEGMENT 3 
,83527 

SEGMENT 4 
,72615 

SEGMENT 5 
* 60653 
1 . 3ttirm 

segment 6 

,48675 

L.280O0 

SEGMENT 7 
.37591 

1,21000— 

SEGMENT 8 
.27604 
t« 1-4000 

SEGMENT 9 
,19790 
1 .07003 

TOTAL 

' ' ' S* 

■ 5*0' 

- ■ 16*45 



2 1 • I 7 

24*06 

25* 52 

‘ 9Q.11I 

25*7? 

?9t c -2 

25,26 

• 8,03 

24*38 

274-97 

23 * 36 

L6-.-9-4 — 

22*4? 

t 26,0.4— 

33.36 

— J0»O- 

15*0 

20*0 

: : *c{j*-3/ 

23* 12 
25*35 

7 .-2-7* 2-9--- 

27,83 

30.00 

3-1,83 

30*60 

32*64 

34-1-2-7 

31 ;87 
33.74 

3-S+4-8 

31.94 

33.67 

- 34*9-7 

3 1 • 26 
32,91 

-34 ,13 — 

3Q « 25 
31*85 
13403 

29.19 
-■ 30*78 

__ —34-1-9-5? — 

28,31 

29,96 

31*30 — 

39,53 

41,32 

42,7? 


30*0 

35*0 

40*0- 


28*92 

3p * I 8 

— 3 | 4- 



34 4 35 
-34,-95- 


33. S7 

— 3-H.-S4-. 


34*38 

-29*42- 


44,52 

_JL4,48. 


93. 0 
50*0 

31*69 

31*73 

35.39 

35.22 

L.ec 

3 6 • 5 A 
3r a fjq 

37.08 

36.73 

U. Ill 

36.55 

36.31 
3 * r 1 9 

35,75 
35,89 
1 9 - CO 


35.29 

38.65 

73477 

36,93 

33,17 

1||?(l 

31.82 

30.92 

79.93 

95.18 

95,|S 

99.76 

60*0 ; 
;'60*O ' 

'V -Ol* ** 

' 7 '. " 30*29 
59»^9 
*i>< 1 

33.5Q 

38.06 

ifl.Cl 

39.96 

38.91 

<1*1 

90.92 

33.16 

79.77 

39.99 

31.8$ 

70. AA 

33,26 
30,85 
7i, 37 


31*37 
29*93 
28 1 9 1 

29,99 

29401 

78, 3 | 

' ‘ 28.6? 
v 28 1 06 

'77. 

90,16 

93.32 

38,20 

75*0 

80*0 

22.22 

20*25 

25.38 

23.65 

...c. 

27.00 
25.59 
■tn .ce 

27.87 

26*68 

in.flu 

28.28 

27.33 

,£.lU 

28^35 

27.62 

77 - ft7 


28.17 

27*62 

27,78 

27.37 

»7 .!)< 

27.21 
26.92 
;a. a9 

36,78 

35.90 

„904o: v 

100*0 
1-1 0*0 

It* y* 
18*10 
16499 

n * 

21.72 
20.61 
1 9. US 

23482 
22.81 
... i» 

25.21 

'21.33 

71.77 

26.12 
25.38 
?9 - 90 



26487 

26493 

7*. |9 

26.82 

26.50 

7 A , 35 

26. si 

26.30, 

26.72 

39,88 

39,30 

33,9* 

120*0 
1 3o*0 

4_14Qf Q 

15.61 
15.03 
1 9 * 1 1 

19.25 
18.67 
| 7 . 97 

21.57 
2| .09 

7 » . 1 R 

23.27 
22.82 
77 r 7S 

29.55 

29.21 

25 i 98 
25.26 
in.oa 


26*06 

25.97 

7c . 70 

26.32 

26.32 

26.29 
26.32 
r 1 1 

33,75 
33, ST 
11.11 

150.0 

160. 0 

ft Trt m A , ... 

13*36 

li»89 

v inn 

16.99 

15,97 

|».A. 

19.95 

17*96 

lj.|. 

21.90 

19.98 

1 7 T 7 1 

23.03 
21.71 
1 0 >0 f 

29.35 

23.17 

20.57 


25.93 
29.30 
’ 1 , *2 

25 ‘,9 2 
2S.0| 
77. AS 

26.0ft 

25422 

72.01 

32.80 
31, tX 
79, 0'S 


36*63 

91.07 

92.96 

93. 28 

92*78 

92.26 


91 499 

90.96 

39.09 

50,98 




_SX2-L4_ 


iU4 


Table .AzI2a? The WKBJ in tegr al and run paramejers^aij</D=9Q, . .. 

stan s-t-Lp-L i sx j ls l u 


■ st t. u- 


-S-Lli-LL 


stian 


•oa 

5»00 

i o.o »- 

|5.0o 

20*00 

-gS* Oo ~ 

30.00 

35.00 

_,/i ft — f | ». _ 
‘f ufU(j 


•16200*0? 
,98209*0o 
. 

.87906*05 
.0ZO28+Or 
* 7 $ 2 5-t Q - g - 
,7i953*bn 

i6s278*0o 


9 s . 00 

SO.O0 

r^ t A rt 

«o*oo 


«9o?53*ofl 

•87162*00 

-^+8^*00- 

.76112*00 

• 7 t 083*08 

• 6o<>?J*ao 

•S9679*qo 

-^97525*00- 

•39050*00 

•29109*00 


'8q(}!8*QQ 

.76239*00 

.65597*00 
•6 o 280*00 
-»S 14 9 9 5* 0 0- 
• 53 I 18*08 

♦ 9<*307*00 
-^3795*MM)Q- 

.29996*00 

• 2^268*00 


.69283*00 

.65509*00 

♦6 0229*0 0- 

.59906*00 

.99722*00 

.39859*00 
.39306*00 
-»- 2 - 7 -83- 7 - * -00- 
.20922*00 
. I 2226*00 


4$S867*0« 
i5$106*0o 
-694867*00- 
,996i6*0& 
,39595*00 
-4 3 999 9 +Og- 
J30079*0ft 
^29885*06 
* 18902*06- 
.12276*00 
.59291-0* 


. 989 | 8*00 

i 95 | 75*00 
-1^ 9 992*00- 
i 39 89 0*00 
,29918*00 
-i-25 g07 * 0 Q- 
« 20987*00 
4 16231*00 
[-0 9 ^6 * 00- 
.593*2-01 
. 69 29 3—02 


.39619*00 
.35895*00 
-♦3 07 8 7 -*00 
.25767*08 
.21050*00 
-*■4 6516*00 
4 12897*06 
.87273-01 

•70133-02 

.19337-04 


,31189*00 

,27979*00 


,17629*00 

,13|*2*00 

■ 9 07 1 A« n , i„ . 

jT-UTj v W4 
,601*6-01 
,28530-01 
-,-27-256-02- 
,18937-01 
,806*7-01 


423811*00 

,20*71*00 

. 1 5606 * 00- 


,10728*00 

,6*960-01 

.11329-0! 
,99660-03 
. 2S950J 
,78721-01 
• 16753*00 


,99020*0n 
♦3e952*0p 

. 257 66*0n »■ « I J I H-' U I) — . HI."" ■ »— —— r— z— *» — u * j • - — . - -« -» - 

,l67Sl*0n .98582-01 .63198-0? .18119-01 47*157-01 i|6B6S*Q0 .26897*00 .398*9*00 *59679*00 


caro Input for mmax, *; mc, theta, and w? no 

p et a i L ed pr i nt .q u . t - ? — -nP 

AEPHA L . . LI SF P1MD8) 

*-900 1.000 : .800 *01-0 B. - 9 - 3 , 9 


mooified alpha 1st 


.9977 




Table A-12b: The self noise intensity and frequency at x/D = 90, 


CONVECTION MACH NO.' 


SPEED OF SOUND RATIO* 1.60 


VO CODE* 2 


ISEl'F' NfllsE INTENStTYtOeCIBELS) WITH FREQUENCY BAND NUMBERS 


angle segment i Segment 2 segment 3 segment 9 segment 5 segment 6 segment 7 segment b segment 1 

1 nrc > nr .7»5.5 .*9730 .6*695 .5996! ,95990 .36SO6 ,2B|98 .20853 .19892 














28.97 3 1 .40 32.42 32.90. 31.58 3<j* 15 28.03 25,17 21.02, 

27.91 30.42 3 1*81 3|.76 3r,‘l3 ' , 29.92 “ 20.05 2SJ93 21.45 

2A-OL&- 29.57 3Q.9I 3|-.C0 30 *42 2-9*^3 28.00 25 ; 42 22j4-2- 

K . V2Sf 5 1' ' 28,92 29.99 3 q.29 30. 0* 29*27 27.88 25.73 22.59 

!;-29. 17^ ' 27.19 28.88 2906 ' 29.37 28.85 27.49 25*77 22. ,99 

- > 5 .8 5 2-7^73 20.9 0 2 8 , A3 23-05 27.99 2 5 *7 -9 -13.20- 

21.14 ;,9.9l 26.98 27-39 27,81 27,77 27. 12 25*69 23.38 

19.94 22.83 25.11 Zb* >8 26.89 27*12 26.72 25.97 23.50 

14U.A-I a 1.1 1 23-.-6J 2.9-.-5J. ' 24, 88 26,38 26j2£ 2 5 ,2. 9 23 jl5A. 

1 Si 57 . 1 9,22 21.96 23.50 29.75 25*55 25,72 29.99 23.52 


i > i a 


Table A-12c : The shear noise intensity and frequency at x/D = 90. 


ntrE 090573 

CONVEcTjON MACH N0*2 .75^ SPEED OF SOUND RATIO* 1.6o v 0 COOE* 2 


SHEAR NO'lSE JNtEnS I Ty 1 D E C IBELS) WITH FREQUENCY BAND NUMBERS 

angle segment » s e sment 2 segment 3 segment 9 

(DEG) mC ,735i5 .69239 .62695 ,59961 

* — U-&4000 l-*- 9 8 0O 0 1-4. 9 - 2 ^00 1-0*4)00 — 

5*0 13,381 2> T 6,97 < 3) 1 8, 92 ( 3) 18*581 31 

|.q,.q U »-9-6.‘<— 3-> ;>0,-5-t-l — 3J 2-I-.9-M — 3J 22* 001 3) 

1 5 • 0 19* 17( 3) 22.671 31 29,00( 3) 29.031 3) 

20*0 20*711 3 > 2** • 1 3 1 3) 25,381 3) 25.361 91 

_ 3S.Q 21.761 3) g. 5 .,0 9 1 3 -1 2-406 4 — 9 -1- 2 6 *201 — 9 3 

30*0 22,311 3 1 25.551 9) 26.461 9) 26.571 9) 

35*0 22.591 9) ?5 « 70 1 91 26.761 9) 2fi.68< 9) 

9 Q.0 32^-9-54—9-) 3 4, 53-1— 9-1 26.5.7-(_‘U 2-6 .-42-1 . 9> .-— 

95*6 22*021 9> 2 6, °9< 9) 26*091 Ml 26*121 9) 

So«0 21*291 9> 79,29< 9) 2S,36( 9> 2S«59( 91 

56*0 2Q«2Q-t—4-l 23 * 35 - 1 — 9 - 1 - 3 9 .604—9-1 2 5. 9 6 1 - 9 . ) 

6o»0 19*321 9» 22* 80 1 9) 28.88< 91 28*90< 9) 

65,0 22*721 9> j5*l5l 91 19.27( 9) l8»5Q( 31 

7 0*0 M-M-14-9J 1-3.52-1 — 3-1 13,39-4—3-1 l- % *2-M-l_3-l 

75*0 5.751 3 1 8. SO* 31 9.651 3) <>.991 31 


segment 5 Segment 6 segment i 

i 95990 .36506 .28198 

1,3 0000 1-»-2-9oOO IM-aoQO- 

17.721 3 1 t 6 » 82 1 3> 1 5 *551 3> 

23.281 31 72*12! 3) 20*83( 31 

29.571 3) 23*9 ! 1 3) 22.131 3) 

25*40-1 — 9-1 2-14,254— i-1 23i-02-<— 30- 

25,801 9) .|9, 70< 31 23*571 B) 

25.75* 91 29.95! 91 23.99( 31 

25.671 91 25.231 91 27.791 3) 

25.58f 9) 29,071 31 23.69J 3) 

21,921 31 1 9 , 3(J 1 3) 17.351 3) 

17*391 3) 16,681 31 19.631 3) 

— 4 3-.-7-M — 3-1 1-2*89-1 — 3 1— M -.- 7 - 9 . l __3.l- 

9.811 3) 9.251 3) 8.921 3) 


SEGMENT 8 
*20853 

19,311 31 

191601 31 
20*951 31 
2 I ,9 91 . 31.. 
22*701 31 
23*601 3) 

22*991 3) 
20,011 31 

15*951 31 
13*061 31 
Ip, 961 31. 
‘ 7*351 31 


segment 9 

*19892 

13*231 3> 
16.571 3l 
18.611 3 1 
20.111 31 

2.1 .911 31 

23,011 31 
16,831 3) 
21.291 3.1. 
19.11! 3> 
17.281 31 

<5.97 1-31 

13.551 3 ) 
11.99! 3> 

7.011— 3X 

6,08! 31 


TOTAL 


. 24,10 

29*52 

31,96 

32,72 

33.89 
39,37 

39.90 
. 39.27 

39,99 

39,25 

—33.0-98. 

33.17 

29.18 


18.07 


• 0*0 *14( 3 J 3.08< 3 > 4 . M 6 < 3) 

— »5^0- ..-7,49-(-— >> , „ 4 .43 < -3) 

N' 90*0 \ "99»00( 2> ^?9»00< -2J 799.001 2) 

! '|6&iO •4*6*1 ' 2*- S.i*33< 2) »49< 2) 

_I-10*0— — 1^. Oft {—44 — 1 3.36 1 14 5-.-30+— U- 

1 20*0 2*371 l) 5.691 1) 7.72{ 1) 

j 3Q » 0 3 » 64 ( 1> 6,981 l) 9 .09 ( |> 

t*tO *0 4-»-23-(— Q -> 7,5 8 1 , 04 9 . 7 6( 1) 

i3{j»0 4*201 Q> 7 *S4l 0) 9»78( Q> 

-Ho*0 ' : -3*36< g) 6,691 0) 8 .97 { Q) 

|7 b « 0 : «9*( 0>- 4.,.2A_t- .04 6.571 Ql 


6 .0* ( 3) S.|3< 3> ' 4 . 8 2< 3 3 ^ * I 9 < 3> 

— «-2-,40-l — 3 J "-J, 83 (--24 * 1-6$ 5 1-2 > "2 * 9 t-< - 2 4 

«99.00( 2) "9 9 » 00 ( 2) -♦9.0o< 2) -99*00( 2> 

I . 6 2 ( 21 2.281 2> 2*54< 21 2 * 44 | 2) 

A-. 5 9-4 — 24 7* 4 4. t - -24 7 » 8 94- 2 ) 7-i.984_ a l 

9.161 1) 10.171 1> lp.81 ( 2) U*07( 2) 

1 0 . 66 ( 1 ) 1 1.831 1 » 12*64< I) 1 3 * 07 ( 21 

— I i « 4 4 < P 1 2- .-7-64— 1-1 » 3 .444-1-1 MU-334— 2 4 - 

U.S71 I) 13.641 1) • H.18< ll 1 4 . 93 { il 

1 q * BS ( I) 12.461 11 »3i76l U I 4 1 68 { U 

8 .-824— 04 10.24 ( _J 1 l4-t-6ft4 _ lJ L2xZ54_Xi 


3 , 30 1 31 2*184 2 1 13,38 

_-3 J-l-6 4—24 4_4-.-l64 z\ 6,44 

"99,001 21 *99 .001 2$ -89.46 

2,01( 2) '1*261 2 5 10,73 

7 - ,-7-14— 24 7 - . - 081 2 i UUBA 


10.941 21 10.431 21 10.94 

13*081 21 1 2*67f 21 20,78 

4-4-4 484 — 24 1 4 . 1 61—2.1 24.J-2. 

15*21 1 21 14.961 2 1 22. *11 


1 5i 09 ( 2) 


14.901 .21 


22.06 


27.45 30. Si 31.89 


31.89 31.47 30*69 


29.36 27.11 25.70 39,55 


Table A-12d: The total noise intensity at x/D = 90. 


CoNVEc Y j ON MACH NO.f .756 SPEED OF SOUND RATIO* 1 . &0 Vo CODE- 2 


TQTMi N°l s E 


tNTENS!TYto E ClBEL5) 


angle segment i segment z "‘"segment 3 segment 4 segment 5 segment 6 

<D£G) MC . 735 1 5 .69234 .62645 .54461 145490 i36506 

: *- l-r&ifOgG 1-*48*}00 l-^-4-2-QO0 — 1,36000 M»3oOOO 4.24 000 


j,0 14*59 18,32 l«.96 20.34 19.92 t9,03 

— j-g.O 18,-22 - 21.92 — -3.S2 23.85 23*37 2-2*44— ■ 

|5*0 20*51 24,16 25*69 25.97 29,45 24.51 

20*0 22*12 25,71 27.17 27.39 26.84 25,89 

2 5.Q- -- 23*2 8 26*7-9- -28,18 28,35 23,78 26.63 — 

30*0 23*95 27.30 28.70 28,84 28.27 2*. 36 

3S4Q 24*35 27.68 28*95 29*07 28.53 27,69 

— 4 0 «o 24*4-4 27,69 — - - -28*92 - 29*06 28*59 ?7 *90 — 

45*0 24*22 27. 40 28.62 28.82 28*50 28*17 

50*0 23*67 26.81 2S»07 28.43 28.52 32.08 

— 55*Q 22*67 26*07 27*48 28.-43 -32*3-8- 26*9-1 — 

6Q«0 ' 22*20 25,7.- 3i»69 31.4J 25*66 24,36 

65*0 25*73 28.(6 23*75 23.69 23.36 22,86 

—7Q*0 1-5-.-7-9 19,7! -- - -2 {.09 21*7-4 21.-93 2 _|_. 8 1 — 

7S • 0 14*59 1 7 • 8 2 19*52 20*48 20.95 21 .06 

80*0 13*24 ,6,62 18,48 19, 61 20*24 20.50 


SEGMENT 7 SEGMENT 8 SEGMENT 9 TOTAL 

.28148 .20853 *14842 

-1 *j 8000 {-.X2QOO 1« 06QDO — 


17,96 16.87 15*92 2«.0l 

21-4-36- -20*26 1- 9* 3 4 31 « qn 

23,40 22.32 21*45 33,62 

24479 23.74 23*01 35,07 

■26*-T6 24*64 24-.J2 36,0 9 . 

26*37 25.61 26*00 36,73 

26.87 26.57 21*34 36,65 

27.44 23,51 24 J.8 16*8-0- 

3D*«0 26.46 23*39 37,43 

27*22 24,34 22*40 37,28 

-Z-4,-6-9 3-3.07 21 *64 36* 7 3 

23,24 22.15 21*03 36,64 

22*21 21.44 20*54 33,67 

? 1*45 _ ?n t a9 20*. lit — — ..3 0 ..- 6A 

20*88 20.46 19*83 29,41 

20.45 20.11 19 . Sf 28.76 


h<Jo<o- 

- : , ., 12 * 3 A,..,. ~ 
>lt + 6 ’ 

io +e?;..r-: ■ ■. 

ViVIA 
19 . 36 ' •; 

— 1 - 7,75 

17,20 
I 6 *'96 

1 - 8 -. 9-8 

18.51 

' 17,86 

• 1 , 7 , 9 8 


120*0 

130*0 

i H » - A 

io*oo 

9*71 

13,53 

13.23 

. 15.71 

15.95 

17.25 

17.05 

l*. 7 i 


* ’* y * u , 

Rtsp 

t;i 60 *j 0 : 

.Vs 'V-sViO - •- 

‘t 9 7 • V- . 

12116 , 

, 10.91 
- b ;• ■> 9 ' ■ - 

19199 ' 

13,22 

16.19 

15.05 

| 7 -Rn 

j 


30*13 

33,31 

39.95 

35.22 



1 - 9*72 
l ? » 32 
18*79 
1 8, So- 
le. 35 
18.29 
1 8,09-,- 


17 * 5 ’ 

16.57 

m^io— 


35.15 


20 -.oa- 
I ’ • 76 
1 9 . 39 
-1 9 * 1 “ 

1 9 . 07 
l 9 * 06 
..,-8,-98- 


' | 8 . 66 
17,77 
-1-5 ,9 3- 


3**,68 


- 20 , 1-2 
19.67 
19.56 
-19199 
19196 
19193 
-1-9-. 55 
19.05 
18161 
a 61-91- 


— 1 9*0 8 


1 9 * 90 , 


3 - 3.91 


19.70 

19.98 
-19,93- 

19.51 

19,65 

-t.9-.-ZS- 

19,63 

18.99 
_16.,B.9- 


32.51 


|9»27 

19.12 

-1- 9 -M-i- 


?b, an 


19.29 
19.91 
1 7t 5*L 


31.69 


27, ’7 
27, S9 

-2. i ,-3 3 - 


27.27 

27.27 
27.20 


|9,'9^ 26,91 

18.89 "26,07 ' 

16.77- 23,80 


93,33 


Table A- 13 a: The WKBJ integral and run parameters at x/D = 100 , 


THCl.A-lAA.pJ_ 


V, '*00; 

-5*08 
- 1 - 0 . 00 - 
15.0ft 
20.0o 

— a S- » o o - 


S19 I 1- 


St 2 . 1 . ) — — 

*’1270+03 . .8{J807*0» 
, 87230fOn .76778+00 


q 1 61 1 


5 ( 81 ) 




-S-U-214- 


S t 1 9 1 1 




snail 


, 76198+00 

,7()935 + 0n 


,65799+00 

t 6 $ £ 8 7 + 0 |j _ 


^ 0**00 -> '. 5 , 9728 +On « 99839 + 0 g 

■' 35,00 ■" • ,52986 + Qft . 9 2 893+00 

— #0«6q — Aj’-R 0 + On t-3-97_90— G?) - 

95,00 ,33884+On .25915 + ofj- 

SO»Oq , 22 1 76+0o ,19833+08 

S5«bo-— , 09690^0 ) ^ L a -2.aS~0J 


17qS39+O0 , 60598+00 

•660 19 + 00 .56551+00 

*6|209+O ft .S-I-2A8-+00- 

.55660+00 ’ ,93836+00 

,5^669+08 90982+00 

.-9.0.Z6J-1 
.90226+00 .31092*00 

.33536+00 .29676+00 


♦17902+00 

, 02699-0 


,10359+00 

,29988-01 


. 56967 + 0 & 
196991 + 00 - 
_*.. 4 T 74 Z*- 0 »- 
136-9S9 + 0 0 
:i 3 l 779 + 0 a 
4 J &3 2 - 6 -+- 00 - 
.22950+06 
* 1^815 + 00 
_,J 0666 + 00- 
", 9420 9-0 1 
IOfiOOO 


, 91929+00 
137973+00 
-t-T7fi56-+00 
, 27660 + 00 
, 23190+00 
-+-1-90-T2-+-00— 
*19659+00 
19?|07-Q1 
9 64-7-9 -01__ 
, 49969-02 
,32813-01 
U .. 9 66 5. + 00- 


.33668+00 

.29651+00 

-. 2 - 9 636 + 00- 

.19622+00 

.15992*00 


.79337*0* 

,39371*01 

_,5&Q5 6-0 Z_ 

.19521*01 

.99253-01 


; 26075+00 
, 22202+00 
- rlTJ ^ UOS - 
, 12596+00 
.87965-01 
„ 559 ^ 6-0 1 


, 26866-01 

*, 29869-02 

^ 73880-01 

. 17621+00 


,19670+00 
. 15959 + 00 

,67*20-01 

,39939-01 

...,-1-1-6*? 7-01 
,29527*03 
,22132*01 
.69553*01 
,19992+00 
,27593+00 
.9 78-93 + 0 0_ 


60. 0 0 


,26262-0?. .62236-01 ,12219+00 ,19995+00 129399+06 .90563+00 ,53916+08 ,67932+00 ,89085*00 


CARD SnPuT FOR MmAA, A', MC, THETA, AND W? NO 
OFT A t l . gD , PR 1 NT Q ll . T - 7 . NO- — — 


ALPHA' L . - LI SF PW(DB) 

.406 l.OOQ »-fl 0 O AjCLOB LOjj 6 _ 2 j 6 


MODIFIED AlPh* is 


,5280 



Table A-13b: The self noise intensity and frequency at x/D = 100 




CONVECTION MACH NO.* .SQq 


SPEED OF SOUND RATIO* l.SQ Vo CODE* 2 


VSEl'F NOIsE JNTENsiTYtDECIBEl.S) WITH FREQUENCY &ANd NUMBERS 

angle segment i segment 2 segment 3 segment 9 segment s segment 6 segment 7 segment a 

IDES) mC .99010 ,96iS6 .9 i 769 .36307 i30327 . 2*038 . 18766 . 13902 

. A 1. R6000 1 .90800 — 1 *3sqOQ 1 . 3 Q 0-00 1,2 5 0 0 0 1 t 2 0000 I t t S OQ O 1 ♦ * 0000 


5*0 

i * t f l 4 f| 

tj » IT - 

|S»0 

20*0 

30*0 
36*0 
-90*0- 
95*0 

So«0 


-55+0- 

40*0 

6S»0 

-7O«0 


7S»0 

80*0 

-85*0- 


90*0 

ioo*o 

I 10*0 
I 20*0 
130*0 


-.53? 9> 
2 .8 71 9 


9.93 1 9 
6.27 ( 9 


7* 751 9 
8. 10( 9 


a • 1 6 ( 

7*97( 


8-. 079 -9 
l 1 *99 ( 9 
5»32t 9 
— 9-.-0 3-1—9 


3.231 3 
2 • 69 ( 3 
2 * 1 61 3 


1 * 76 t 3 

l*10( 2 

. .571- 2- 
• I 3 < 2 
- . 26 t 2 


1SQ*0 
1 60*0 
-1-70*0— 


■ 1 • 06 t 1 

■ 1 • 76 t 1 
•3-*564 


2*91 t 91 
- ■ 6 *-3 0 1 • 9 1 - 


9*98 

-7.89 


8. 33 t 9) 
9 , 69 ( 9 > 


11.091 9J 
jl*36t 91 
i I « 9 6 t 9 4- 
i 1 • 37 ( 91 
‘ 1 • 23 1 9) 


9*85 

11*19 

1 1 . 07 

1 . . - . 


— T4-*-8-M — 9- 1 1-7- 

jO.631 9) 

8,30< 9) 


12*50 
12*81 
40*94 
12*88 
12*95 
-3-5 


6 . 5 1 ( 3) 
5 « 97 ( 3) 
S .53 1 3) 


11.32 

9.76 

8.89 

8.28 

7.8| 

-7-*-9-2 


5.15< 3) 
9»S3 1 2) 
-9.02 1— 21- 
3 . 57 1 2) 
3.17( 2) 


3) 

2) 

24- 


2 . 29 t t> 

1 . 37 t I) 

.jt.7ll.L_U - 


7.08 
6.51 
-4 .09 
S » 6 2 t 2> 

5 . 23 ( 2> 
-8.82 1 — 24- 
9*29 ( |t 
3 • 39 ( it 
-1*23-1- 44- 


9) 

9 I 


5 • 02 < 91 


91 

9) 

-94- 


9) 

9) 

-84- 

9) 

91 

-84- 


1 0 » 35 I 91 
1 l *63 C 91 


91 
9) 
3) 
3) 
3) 
-3 1- 


1 jj* 99 t 9» 
13.3H 9) 

13*61 ( 9) 

1 8* 33 ( 81 
4-7-*4-74 — 94- 


9*721 91 

10*221 9) 
11.991 9) 


8.9ft 8 > 
-7*-?-3l- 9-1- 


1 1 . 55 t 91 
1 fj t 98 ( 91 
-34- 
9 . 3 1 ( 31 
8.91< 31 
-9*524 — 34- 


t 2* §7 { 91 
13.28( 9) 

1 9 . 1 9 ( 9) 
17*691 91 


9 « 70 1 91 
10.981 9) 


1 1 • 98 t 9) 
t0*79t 31 
- 1 - 0 * 7 - 24 — 34 - 


1 2 . 98 < 9) 
I3*02< 91 
4-3*-49-t— 84- 
17*S2< 9) 

I 3 . 59 t 91 
-H-. 9 5 * — 34 - 


8 » 28 ( 31 
7 • 78 < 3) 
-T-.-36-t— 2-1 


9 . 02 t 31 
9 *501 31 


1 l. 16( 3} 
♦q.6 9< 31 


6*991 2) 
6*631 21 
-25-1—24- 


5*761 2) 
q.9ll 2) 
_2-.ao4— 14- 


8*981 31 
B • 56 ( 3) 
.6.201-24 — 
7*881 2 1 
7,581 2> 

7 t g S-f 2 1 

6.831 2) 

6 . $6 t 21 
-8.7)7-1—24 — 


9 . 96 t 3) 
9 * 7o I 3) 
—9 * 89 1 3-1- 


9.291 3) 
8 • 95 t 3) 
9^6 6 < 24- 


8 • 9 0 t 2) 
8 » 1 5 1 21 
7-*-38-( — 24- 


7»S2l 21 
6*851 2) 
-5*02-1—2-1 


3.691 3) 2*901 31 

e! 98 ( a! attal” 3^ 

10*301 l> 9*651 31 

444-254—94 10 4 7 7 t 3 4- 

1 2*03 ( 9) 12 ;0 1 1 31 

12.991 9) 8*88( 31 

134591 3> 11.311 3) 

11*B9( 3) 10,611 3} 

-14-.444 — 34 L 0 .I 91 3 ) 

I0.62( 31 92891 31 

10«27( 31 9.661 3) 

9 * 7 8 ( 31 9 i 32 1 31 

94591 31 9*181 31 

— 9-4-924—34 9,0 61-44- 

9,271 5> 8, 951 3) 

9.011 3) 8,761 3) 

8»78<. 31 8.58 ( 34. 

8.571 2) 8*91( 31 

6 • 36 ( 2) 8,291 21 

_ 8 j . l - 9 . t - 2 -) 6 . 09 - 1 — 24 . 

7.83 ( 21 7,791 2) 

7 , 23 ( 21 7.151 21 

—5.-514—24 S« -9.1-1 —24. 


15.65 {8.36 20*56 2|*26 21.53 21*92 20.68 '20.16 


SEGMENT 9 TOTAL 

•09895 

1 .05000 

2*201 3} 13. J5 

5. 571 3 » 1 6. 99 

7.711 3» 18,80 

9,381 3 1 19.83 

(1.751 3 1 20,82.- 

7.101 3 i 21*14 

11,221 3) 21.59 

.10.21 J-3i 2 1 , 7 .2_ 

9*691 3) 22*66 

9*371 3) 22.62 

9-tlH.l 31 22. 8B 

8*971 3 f 21). ?7 

8.831 3> 19,13 

ft.72i-3_i 1 0 .41_ 

8,621 3 1 18.29 \ 

8,531 3» 17.95 

B.. 9 . 9 - 1 — 3 4 17 , 7 1 

8*371 3) 17,80 

8.221 3) 17,19 

8.091 -3i UUA8_ 

7.951 3> 16.57 

7.791 3> 16,31 

7.59 ( 3 1 l-<Lja3L 

7.271 2) 15.65 

6*601 2 1 19,95 

17.39 29. ?9 












Table A-13c: The shear noise intensity and frequency at x/D - 100. 



CoNVEcTiON MACH NO.h .50o SPEED OF SOUND RATIO* l{So Vo CODE* 2 


SHEAS NO j SE I NtENS I T y 1 pEC 1 BELS > WlfH FREQUENCY BAnD NUMBERS' s’ "/' T T ' . '' ' ' 

t * ■ *. - v : : In 

angle segment i Segment 2 segment 3 . segment n segment 5 segment 6 segment 7 segment e segment t total 

(DEG> mC ,47010 .46|S6 ' .4j764 .36307 ,30327 *2^338 .18746 .13702 .09875 

















75*0 

# 0*0 


•*•36 ( 2>' 
• I I • 26 ( 2> 


*f? ♦ 00 .<; ! ! >, r - 

c|00»0 in • i 7 .1* j >f 

120*0 •6 * 3 l ( 0* 

|30*0 **9,991 o> 

?JtStf»0 \-*>t -2*67 !;pl. 

1 ; 1 6'pV 0 : v ^??2 4o * / 


„3.53< 2) 

• 8 • 3 1 ( 2 ) 

, »T5,* 3 < »,), 
:W99,oo(« )< 
■ J ,» '» 22 <!.»')- 

,3,124 0) 
* l .31 4 0) 
.. - ", * 17 4 Q 4- 


■ 


>5 s,.* ; 27-r;,o)' 


• 2 • 25 ( 2 ) 
- 6 . 88 ( 2 > 
■ >3 « 79( ; |l 
699* 00( • I > 

>9. 'SOt l 1 

r i | + | 9 ( | > 

’ I • 27 ( 0) 
* 59 [ 0 ) 

' ’2*35 ( 0> 

2.20 4' 0> 


• j • 75 t 
-6 • 22 ( 
y.t , y# ,n ?.{, 

-f ’ • ll ’ w 

■*» 9 y . pd < 

: . -tUso< 

>-064- 
>07 < 

| «8B( 
-3-f- MU - 


2) 

2) 


1 ) 

XJ> 

-03- 


-l.*7< 21 
*6.09( 2) 
•-T-2+764 — M- 


3 • 8 0 ( 01 
• 3» 7 1 4 sO> 
-Ol- 


■99.004 D 
.;7.98t J? 
:-,44-t— 14- 
• i 9 i n 
2 . 79 1 I ) 
9 . 1 0 4- 04- 


62 * 1 9 4 
*6 * 3S 4 
■- 1 - 2 . 9 04- 
•99*00 • 

*7*874 


2 ) 

1 ) 

44- 

1 ) 

n 


-2*924 
-6.95( 
—•3 3,3 84 


9.874 0) 
9.914 0) 
-3438-4 -03- 


1 * 0 S < 1 ) 
3.224 t» 

-4-*-69- ( - — 14- 


5*584 

5*754 


0 ) 

0 ) 


-99.004 
-8. U< 
-*-2»42<- 
1 *034 
3.314 
. Bfl t - 


5 . 86 ( 
6 • 1 9 ( 


2) -3,924 

1> -7,834 

4) =49+144 

n -99 joo 4 

11 ,-8*691 

44 -=-2+804 

II .694 

l) 3*004 

44 -4+654 

I) S*694 

1 1 6,004 

44 9+7-54 


»S,|6t 1) 6,96 

tB , 97 4 1 > 2,19 

_ g . j 5*.23.1... 1 1 -9 . 5 1 

-99.004 if ,-89. 96. 

»9.581 if, 96, 

ft4*4.> 4: . -4-f - -- - ^ ^ 99+ 

-.114 if 9,19 

2.304 if 11.33 

3.984 ill 12.79 

5*024 if 13,65 

5 29,1 _ 1 I ; 13*79 
J 3 » 9 9 1 ' 1 .f..:...'...'i..-1.2.*-90— 


15.03 ?7.30 19.39 19*65 19.39 18,69 16,92 


15.82 59.93 27,62 




-r-r~ -r- 

Table A-13d 

: The total 

NOISE INTENSITY AT X/D = 

100. 

r>* T r 

06057 1 


• 


CoNVEcTjON hach 

N0*= ,SOq 

SPEEO or SOUND RATIO* 1.5c 

vo code* 2 



*!>* ^ »\v+ * v ****** - { >* 

; :t' 9T'AU NdjSE; 

INTENSITY! DECIBELS) 

‘ 


- 



• 



angle segment 1 

segment 2 

SEGMENT 3 

SEGMENT 9 

SEGMENT' 5 

SEGMENT 6 

SEGMENT 7 SEGMENT 8 

SEGMENT 9 

TOTAL 

40EGI HC 

,99010 

.96156 

.91769 

,36307 

i 3q327 

,29338 

. 18766 

*13902 

,09895 


A l 

-f-^SOOO 

1 t H OOQQ 


1 . >nrmn 

t . JUftnn 

| ’ 20000 

i • 1 cj nnn 

f • t nr) no 



•> ,► * 

5*0 

9*0 e 

7.26 

8*61 

8,92 

6.62 

7,99 

7,09 

v * * 

6,18 

5*90 

16.92 


L7-.-34— 

1 0 • 56 

M 1 9 Q 

* ] 2 t * fl 

| | T Q 

6 t _ 8 O 

1 q t 3 3 

OldU 

It • 71 

7ft T f A 

15,0 

9*29 

12.97 

13.77 

19*06 

13.79 

13,07 

12,29 

11.90 


22,09 

20*0 

10*99 

13,65 

19.95 

15.29 

19,93 

19,29 

13*50 

12.76 


23.39 

— 25-43 

14-*4-9 

t M * 3 fl 

15 t A7 

|4.R7 



fl|.A9 

H 3 ? 9^ 



30*0 

11.66 

19.79 

1 6 « 0® 

16.9J 

16,18 

. 1 5, 66 

15*13 

15*05 ‘ 

, 10.19 

29,81 

35.0 

1 J »8S 

19,95 

16*25 

16.63 

16,98 

16,19 

15.99 

11.89 

•' 13,8* 

.29,77 

9Q » 0 

1 1 .SO 


1 

16.69 

IA.72 

1 A r 74 

i t i i n 

- 14.99 

12.92 


95,0 

1 1 *56 

19,67 

' 16.08 

16.72 

17.20 

. 20,03 

16*20 

13.98 

11.52 


50*0 

1 I >20 

19,39 

16*09 

17.37 

20 • A5 

16,01 

13*99 

12.33 

10.82 

25,38 

— 5-5-4) 


1 9.R4 


?n* 1 R 

- |c.ni 

i3f7fl 

1 ■> ;69 

1 \ . 96 

10.29 

25.50 

60*0 

15,00 

13,08 

13,93 

13,36 

13.00 

12.99 

1 l . 70 

10.81 

9.76 

,22,29 

65*0 

7*02 

9,81 

11.08 

11,62 

11.71 

11.97 

• 10*98 

10.27 

9*37 

20.11 

?f*k • n 

7y *U 

- -4 • 9-7 - 

6^04- 

9.69 -- 

10.46 — 

- 10*79 

(41,45- 

1-0 *93 

9-,. 6 5 

9+0 fi 

19,16 










APPENDIX B 

THE LISTING OF THE COMPUTER PROGRAM 



The Main Program 



Ye height OF THE JET FLOW (dimensionless^. 


r m i rNiTsI 





calls i m t E o 

CALL NOISE(S777) 
CALLS SET 1^ 




'CAULS* „ 

^■>"A 


cal l' s r f b a m n_ 




Cv 

c 


CALLS EQ85' • 

CALLS IMTgS 
■ C AL LS g . V -f R - 


';^,c«ecs- 'gVARA.; :i/ “ 
> * V\„ *?** vv >iV v - * * 'CAL L-S fQ 8 S / ; ' ' . s ' ■ 


x*\ 
: 


; cALLS' x FV .ft R -L- 


CALLS PVa'rA 

CALL5 F« 8 2 

r. A.LJ.-S E-ILA-R- 



t M'Cs x< rqtul 


c 

c 


CALLS pVaR 
CALLS PRINT 
XAL4-S OUTPUT- 


u %% o%Tonr "v:r* - 


&} . 


V£>>, 


''‘'c^^^V^calls :V.o|rX€r^, s -' -< 

AiiCs^ANoi sje;:^ ; . * V 


Subroutine INITAL 



'(MPTS) 

^Ltt^i2—,-tHET- ..*0 .TmET, t ;lp4H 


COMMOKJ/0LOC3/ DEL Y t » DEL Y 2 
COMMOM/BLOCf 1/IL2 f NYR ,LU. 

jCO-MHOH^LnrliP/'TTTl r < 1 3 > 

1Z . . — r* ^ ** » J 




s , i">\W ' ' 

■S-Ov-S • 


'CATA-tR'AVl W-'- 

'\v>C 


'V 

- 'iR F- A D ( Wsnri ) v^-T- t-T hr 014 jjl j L 1 1:3 T 


READ (S ,501 )■ 


TH^T t D T H E T » DEL Y ! , D^L Yj2 , 



IFUL2.GE.NPTS) 60 TO 6Q 



u u 


"D'd', 2 o i « i , rex ' ‘% ; V 

U > » / t t u t -*V X * 


1 • * Y <0R B 2 « 

- npr» .1 L 2 ♦ i I TTT, 

UJ=\t ♦VDEUY ?<*•'!' C2' '* 

i-p;( L u-i-6T* HP T,s V '3 0 -TO'- :60;: *\ $ s 

D'rr'MQ' -t - g Mp 1 j L l.l 

Y f f > » Y{1<-1 )*DELY2 


;mp» mp-ts 


STOP 


.. ^ w . - ... y t — — : — ; ~ 

' 5hJ FORMAT < flF 10* 1 > , , , 

* 'FORHATt* **i E RR OR v"' ; HPJS« . * i !*5.r* t S T-O0 SMALL* lLj£»UE>i*-« LU«< 


Subrouting RSTART 


;,p.arametfp MPtsw - 22 , r- 

' + * * * * ' * ' <T 

CriMHO»/m nc ; «t./ AtMpT^l— P-tSl_. l*JU,HBJs }_ 

COMMON /bLOCJ!'/ THETA iOEI.Th! *THET2 * T HEf 

COtiMON/BlOC3/ DELvl |PELY 2 

, — Cn A . M , 0 .. b]/BI ..0. Ctt/ AM Ay t-XUUM „ 

;tr;C'6MH0M/BL0C5y 'AMP ',C3- \t2 AS ,AmM 

’■"'CO^M'ON/8LOC«-I/IL2 ; ' | NYR 

C- OMM -O M/ Bt,0 C l2/ H t-Tj-e-i-4- 3.1 

DATA RADI /57 ,2 Q 577?5/ Cl / * % f 


.DThET ,ipch 


. '•.>/Np'As=Ti; ‘ - : >;> ' - - 

'~1 " 'ThET Ah' THgJ AR A 0 \ 

A M'A X I » AM‘A Xi.1, 

'A M P* AMAX + XMMAX 

-AMtla AMAX-X'MMAX , __ 

V Met 2 »-a c o s ni : >Vamp f * $, :> '' z ' <” 4 . • 

;:V ^;TEMV.*, C:'i*XMMA : X ' ^v' : \ ' ' ! 



HC3* AMAX/TE'MP - ‘ 

IP ( AM0DIHC3 ;D’ELYlj .GTVCJ* ) ; C'3« 'A'f NT'f H'C-3/DE’L Y'J 

c w ^ _ 

s\ \4 pjjz o ’■ ■T'*'!- j T : t'Z »r*f; t „£?*<: " •- * 

— *’A ( 'V IP"' • ♦ AH.'A:XA_J.L* : . f- t- i% V j f- 1)1 *-f , J " 

20 XMC m« XMM AX *EXP f ( »2« * Y.( ; J ; ) *« 2 ) 

MPl*IL2+l 


'} •D|LY : l +D E LY T 



A < l 5 * 1 . 

<40 X M C ( I ) ** XNMAX*EXP ( -5.*Y { { ) *«2 ) 

write (&, ao u' <tttle(i> »i*i,13) 

WR I TE ( 6 t 6(}7 } AM AX , XMM AX » C 1 




WRITE (6,605 » 
WRITE(6,602) 

WRITE(6,60I?‘ 

WRITE( 6 , 60 Z'r 


THET »PTHET iD ELY 1 ,r?EtY2 . 
H.Y<jT r XHClM . Am «I«IV15AJ — 


Jl aj-T-E-C 6,6 £ 0 1 - 1 1 * S 


IF C !PCH.EO«tf> RETURN 


WRITEU ,503) XMMAX 

write f t , 6fc8 ) r XMC ( I ) » I *2 1 , 1 8 1 ♦ zo ) 
RETURN 

_C 

777 WRITE(6,6U6) 

STOP 


5?) 3 F0RMAT<2FI0,3,10X,IS) 

6na FORMAT ( ( IH , » , * ,FR«3»2EJ < *.7 »z <18 , ♦ ♦ * »F8*3f 2fH»7) n 


6(52 FORMAT ( ♦QPOI.NT* ,5x»»Y*»JGX t *MC»fl3X»*A*| 


2 <ax t ipotnt*«sx ( *y* 


« 


7 10X»»MC*,t3X,»A*M 

A pt Pft BHtTM'H, 7AX, iG8.^jl-J3X j ',ORI.G D* *♦ tfiil #&»3X-{ I MOO BY*1 

I , 0 I 1 • 5 ) 

6rt*4 F0RMAT<5E!5;fl) 

6)55 FORMAT ( * iNTTfAL T HF T A < DEG )_■ 1 t.G-8-*.2-».&X. f ^p E U T A - T Mg TjU^E G I* L* 68 t2--i 
' 7^ SX.'DEt-T Yl«*,fi|fe*3»»0X,*OFtT Y2*« * * 6 1 0 * 3 » 

6y6 FORMAT! MEND OF INPUT* ) 

a<5 2 ~ £ HR M AT 1 10 5 RE-EO-0 E_S 0 U MD ._R A T LQ» A*.S9 2 X i * MAXIMUS MACH N0** f t G9»3 


7 , 4X , »C1»* ,0,9.3) 


end 


Subroutine ANGLE 

PARAMETER MSP* !<j ,NTP* {8 


COMMON/8LOC2/ THETA ,DELTh1 

COMMON /BLOCK/ YR » DEL Y 


Kf\ ‘ C0MM0N/BI.0CN/IL2 

T-, dimension s <nsp> 


e 

WRITE <6, 601) 

N T° .0 


fc At-HETADCI )'*' ThETA 


VrMf 


DO/ : 1 ..Q.~— wLfcl 


Jo ES< ! » J>« 0*0 
20 NT» NT+1 


, THET 2 ,THET »DThET ,IPCH 

~4UJ — 




«m!*,* 00 rTHET».r^ 

'V * ■ .«»«-f frf ygtVT i 'cT ‘ u 1 " f . n-tfl I.ao ^ — : « 

CALL !NTEQ(S»XMF|MS) 

NSH 1 * NS+1 



WR-iTE(i,A05} f THETAOU » M»l *NT> 
DO 32C I°l *NT 




_ - * V 


T -ssrr > • > 

* S t s I ) 



An 1 * F0RMATCFB*2i*»X.»9E|2tS) 
6 0 & FORMAT* BF»0i2> 


4^5 




' ^ 7 *V 

■ .4*** f ■> *— — 


ir-%^ ^ ^ 


Subroutine YBEF 


: ara^+$0K£F '*£. "M. . . ' 

' '4t [ RR fil t T-f'M r - -V rf r r:r j rMFT A^ . i . L . ^fHFT-A } — — 


<stifiROl>T-TMPi 
PARAMETER l&PTS* 221 ’ 



'>#^S ,#, V # W w ' ^"'-r 


Data HP! / lt57079633/ • 




4X^- TAX< AjJ .» C ) -... A R S,< H 



r># sW ^|V::f ^ RQ r' T Hp-r a-^ykT^ f vF-OS^’ -sAn Tn 20 
YR* 2 » 


YR* 2. 
0ELY- C 3 
RETURN 


A® '"<«i 


Vv # %*# 


o .;nw- ' ‘U&&: 


iff m mM t 

& *!*»« *Nr?j k a c : '/:t li cya fu P jT rt.T. i"'l '»-E c )a GOT Q '.HO > ■ 


:< j?B rc?t A S-R^TT tfg TA » H PT if 6T«-l:>E»rK h QO^TO^O^-. 
yr» -id; • : 
return . - ' 

f,l ; 


#f Ml ' WWWM AWI 


■>y 


IF (CTHETA 


.LE?AMP >. GO .TO 66 



60 LI* IL 

IF((XHC(LI1*A(U1 >«CTHETA) .tT*0*> lSlGt«. -f 


" *L® M 'Sri., If#. W 


f 11^6-541%^' -v^g \v^- 1% Alfl, » 

jM 3 ^ffriiyFY ? »> >A I y . )> g-r H F T A > *1 ., T . 0»)— f -G ! g «"■ «L 

JFt iSJG.Eqt ISIGL ) GO TO 80 
' ISIGL* ISIG . 

1 1 a — !_*-! 



80 CONTINUE 
GO TO 777 



return 

1 30 L2“ I L 



L2= L2-I 

Do 1^0 !® L&ili-l 


rcica 1 „ — _ 







2m-Gt‘ v >i J-Sj-G- 


'' s ytY 


mst 


S^<>. 




% 


„> 'ft'' <•■>•"' 

Vx 


a» i + i 

YR* Y (IL) 

PEL T AY ( A (.a 


C2. YR L 



6fj0 FORMAT { *G •*♦ ERROR • N0 YR FOR TH$TA* * , G f 5 »fl ) 

„ Em 







Subroutine INTEQ 


eroRV't s ^ V . 9 ^ ^ 'tT” j:" , ,., s , ., , /- ' t >% 

i< ' .aggaroBBi^ e*** • « ^ 

' ,,h . m ?!;?,j;! rs.i?Mi ,, i!iJ""M^<**Hiorc.MH»t... 

Z - - _ j; 3 F(fi ^ 4 ^A 6 -M ‘ 

~ ■ T^R^I tm'-vn <- y ' " ' v ' 'V'-S' "S ’"■<* 

C -' .V Sa/O. ATS YR \ . --S 'S'' <- . - ,,S - , 

- C'^SsrSNYR^XMOUtO; REV.EP '• , | t'„. ;,,S'; ' . ; 

'_ -- r.-^~ SKintrVi ; » '-''ASSUMPT I'flNt ' MOP -ri L 2. » . K5f:t* -.ll 1 ±~- > 

c 

PARAMETER MPTS* 224 »NSP«’ 10 


DIMENSION SO) ,SS(NSP>. j<r ,_ _ - S 

+!&*/!' ft*» A “V 

/' } f f ' ' S** \ v '-/ ' ' ' - ff? **s~ 

FF< I )a SQRT< ABS 1 1 < XMC 1 I >w XMp) /A ( I k 1 * ) > 



SUMo FF< IL2> 

CALL SlMP 38 tlL 2 -t , I D ,-I . OE lH I J 



126 Sin- SS( I) 

| 3 D IF(MOD(NYR*HOF> «Ne« 1 ) GO T 0 I HQ 



u u 



2Q •! Ft • •' ■ NYR.LE* IL?;pR. I .6E. It2) GO fO RO 

S( J)» S( J)+S( 1 > 



;;em;iss.i on * r rohsvturbwue-nt she*r^me?'$^ ! p> s t' '> 


EQ. (821, tflt) aN0C8S> 



AA*A(Y> in PAO'S EQUATIONS* SPEED Of soond ratio. 
AN* THETA in DEGREES, 



MNA« NUMBER OF ANGLES. 

MSET* NUMBER OF SeGRENTS(P T S, > 



COMMON/BLOC*/ AD(mPTS) iXhC(MPTS) »YtMPTS) 



COMMON/BLOCS9/CST ,CSTL iCsTT ,CSTTL , CST§ » CSTSU , I pg *G , J Ft. AG I 
DIMENSION SU(3 »MnAP) ,VO(NSPi »NII &SETP »MNA? > 

: — ^imMSETP. MNAP ) , . T . I *JLMS E T P tl l ^ » St P ,( 3 ) 

,sj v '\ < - Jk riiki, f -»> I —p IIW Y i ilo U A '*“>> 


C 




h on p 


I FLAG i * 0 
DO 10 J » I > 3 ^ 

a ' s t p ( uV * 

. ' .: : VD0 JO / v 

y' Vo sm a , t )-*-o+e~ — 

CALL SETUP < JCODE, JPRT) 
CALL VOPFLE^ VO»MScT, ICODE) 


'CALCULATE NOISE ^^TENSl^^oE^! BELS I Vf-OR. Mn.A ANGLES FOR EACH OF 

Msrr SEGMENTS V Jh ^ ^ 

DO 100 IMfMSET 
00 IS J«l ,3 


;I'.T.EM*'J*20 
WT*l*OiO&98l3l72 
A A * ADM* M .O U 


v* ■> 

V'/,. 




V/‘ 


A A 2“ AA**2 
DC* XHCM + ITEM) 
tfmp* dc-aa 


FLAG* 0 "V 

A 1 * ,0.0 

IF(T£h P« L T Ht 1 — SO. TO 20 . 
Al* ACOSC it/TEMP) 

I FL AG* 1 

yfl A?» ACOS ( I . / ( OC*AA ) ) 


ITIT£HP»GE*tI*> «0 TO '29 


A t 3* ACOS( 1 ./TEMP) 

' TF.i » 7 7 

/ £3 C5T*F’AC»*V0U )/<A*2 
„ i„; CSTS* FAC3F?0(U/AA2 / \- 

yi£^J_V rcrrm rirutvn i I )-/xl2 : 

I F ( I PRT • EQ » 8 ) GO fO 2H 
WRITE < A • 2 M DC >M »ICO D E 

WIU4^-A-r^24 


-C CALCULATE NOISE INjENSlTYLoECIBEL^fv-FOR MNA ANGLES • 

‘ - &',m . . < . 11 HI<>I» > • ' IOn* .TP .511 - N 1 *| N 2 ) — 


TP 1 T p ^ 


-L"i- -g’O' 'STP ( <J )’* STP* J>>t0,»*HT?l 1 ’ 

/; / >; v ' ''^V VL < *" a FUN. 1 ( VO < t )) ' 

^ SELF NOISE INTENSITY FOR 5 ANGLES IN INCREMENTS OF t DEG ON EITHER 

;;'c" siDE op A2. 

' 1 * .CA14^2^E4tP-I-A^-' 


'VlW- 


:|p4;iPRT*EQ.J'*> CALL PR JNT I Cs^L . CSTSL ,CST J|L,.VVL , Tp , DC | a A * t COPE » I ) 


^JOO^^TINDE 


DO |60 J»l»3 

i** vfismmc: ,m -;rv<? >^ ; 

^nQ^mt'Vr^mw'W' f" 5V " 


3 ^ 


° -'A? 5 '' '£''' ^ C^«v 


CAUL OUTPUTf IC0DE,N'|»N2»SU 1 TP l STP,f7A2,{jS(pTf 
RETURN 'I 


- 3 ' 








Subroutine ANOISE 



aloiiirTrc M<!FTP»o .MNAP*27 t N T P 


kNgP« 




t v / i »* T nr w * 


. „>%: '■ S IN A *; ts ! N^A'*.<, W-' ; „f ,J.X-Z- 
rf *% ♦ '^tdS'A*, 'COS^j-r Svt'' V? 

^ ■;/ V. # kf i'^^u ,t \\ > <* v ... 


OCT* 1»-DC*C0SA 



■■“ 'fid to 2 i‘- 

20 ABAN0*FAC5*0CT**2»< ALPHA?* <0C/AA)»%2*I*J 

gt R 8 A N n ».W » C 0 S A * X - L * X H M A * - ~ ? rr~ ’si* - -ya-i ('sp, 

‘tt jy \ C ALL ^F.B AND’(,A8AN0 *'8 BAND *6 Q MS » SFP , N | , N2 « ' 

C ' '>>* »*■/ * v/U /7 /fo •>> ; „ , -Vv -tt/ 




IF(ABSIA) *LT.6»000Ci > ^0 To *»<* 
I F ( A.LT.AJ-BEG2) GO TO 50 



C ACOUSTIC MODE * EQ ( 8 2 ) ! FROM WITHIN 2 BE<3 OF ThETA?(A2) TO J80 DEG. 

it 5 rp < IFLAGI .EQ.C> GO TO 5(3 


<"» O nn\«>» r> n h/r»n>» 


Subroutine CONST 


block data 

C8«, 3 .*SQRTf?) 

’■ ' 'PS* ‘GAMMA (2/3}> I *35R| l?f 3*8 - 
, v CA* ISO. /PI ‘ v ' ; 

1 

CS" SQRT (Pit 

C9« 1 60 » *SQRT J 2 ) / 9 » 

— S ftft^-S < H LT4-24 — ; 

ZY»2»*5.*3 , * H J5926S3**2»/180# 

V'- ZYY» 2. * Z Y 


PARAMETER MNAP* 27 

— COMMON/BL O C ^ / ALPHA ^ rXL-1 »-R£P — «XS_ -♦Cfi- -+C9 ...FQ 

c; Ta jAl" i'OMEGA 

:''COMMON/8LOC'|3/MN A jAM<b#Api 
CGMMON/-8-LOC48-/ CA *-ZJt *X*.Y 


fit* 


DATA PI, Z Y ; ZYY /3*IMIS9256» .5R$3t!35. 1.098^2 27 

— ; — j — : FO-j — R-S.Q /— *~6. 6 fj A 6-7-. L» 1 ; - 

>4y;2'V^>'^cR f 4 C 6v CA / H .282A8068 • ' ' t * *5*1 1 7* 8 f 57.2957795 / 

3 \c7. c8i SQR2 /' . iZffSS^SE'.Qli I .27285385 j 1««18|13S6 / 

/ 25. 484^ 244 t 

5 AI» OMEGA / .355028. I. / 

6 MN A / 2A / 


*"' ! '5?END: 


iv. ' 


Subroutine SETUP 


X" ’SUBROUTINE SETUP.'LiCObE't'tPRT) !-<' V ** 

j± PA RAME T E R^ ' f jSP k ' I p ,NTP« |8 »MP TS » 22j . H NA P » 2 7 

C 

COMMON/BLOC*/ AD<MPTS> »XmC(MPTS> »Y(MPTS> 
COMHOM/BLOCR/ A M A X i XMHAX 


CpHMON/aLOCAV ALPHA '.l?L , XLb "<'.RS'9 : 'H»8 >'»CS .£« ,F0 

j , A I t OMEGA 

. i ' V M A4 m.i A M „ £ ' t*% « '* v .. t 4 I 


i>,.^MON<BL0C9/ AAI ,,*A2 A^PhA 2 ; ^jOL'^rFApi .FAC2 ,FAC3 , 

' X'0MMON/fiCbC'l:3>MN'ArrtAM<H N *P> ^ V'" ‘ ' ' " * • 


FAC8 


--COMHON/BUOCA A /FACS r* 4 ‘rSF-P- 



c 

c 


RE AD ( 5 » 60 1 ) (AD ( \ > » I »2t » 1 8 } » 20 J 
READ(5»AQ1> ( XMC( 1 ) * i* 2 J ' , Q 1 ♦ 20) 


IR* 'YES* 

WRITE( 6 ,& 0 *n ( I » 1 * 2 I» 1 ® 1 1 2 q > 


r ;^f 4 > w * 5 J kjfs 


'^ 26 ^ 0 " t. m hAk' " ~ ?}V 

j r» * NO * 1 

225 I F C iPRT.EQ.i) IPR» 'YES’ 


DO ’2 AC I “NT i MM A 
Am'( I‘ ) * ■ AMtian+OEuTH 


ALPHA IS MODIFIED ACCORQINg to MACH NUMBER AND SPE?B RATIO. 


ALPHA a ALPHA*AMAX**0.75/fP2*Fl*AMAXf*I • > 

ALPHA2® ALPHA»«2 


DEFINITION QF POWER FACTOR, 
PW*I0.**(PW0B*.0» I *24 2 1 


^tJ^9*Pl**2*0**8*AlM2* A l.PHA**H4 3333S3fC5*(Dli/D)*.M,33^ 

^ j *pw / ( RSQ* XLi**l*33J333*0MESAt**34#393| 

- , x LTy X u 1 ♦P/ A- fr - P H » / D U - - ^ — wfiAt,**" 

V >J A'C5»; 0 ; »;i 25* X.L'T ' 

retOrn 


5gO FORMAT(3t5»5X,5FlQ*0) 
6 q 0 F0RMAT(8F|0i3) 


r gc-i v r \ , ^ ^ ^ ^ «nm ( **'** ✓ /"h^> 

^'r-&g2>'F0RHATJ> lENQ- OF* C a R D\ INPU T>TO ^SUBROU T J N&' SO lSE*'.f -« ' ; 

: '6fl3 FORMAT C///.A CARD INPUT FOR 5 HM AX ,* A J '*CV' TRET A , AND W?*i2*»A3/ 

} » PE - f A ltED PRINTqUT - TF , gA . t .. fr 3/»Q . ' A-L N*H A ♦ » 9 f 2^*4 fc-M -* M-X t * SF l * 

zUX, *PVM0B>*/ F8,3 *RF19»3 ) 

6q*\ FORM AT ( • »XHETA(rAD).* »9 (6X»,*SI * I !3f* ) *1 1 

/’ r* r nDu t v / Ji nvO*-l«9~el 


• 7 ^ ^ vv - F T W ^ w - 

FORMAtUSXi ♦MODIFIED AUPMA !Si», F*0*H> 

1 :EMD 


ENo of CoMpItATloNj 
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Aerodynamic noise emission from turbulent shear layers 

By s. P. PAO 

University of Alabama, Huntsville 
(Received 8 August 1972) 

The Phillips (1900) convected wave equation is employed in this paper to study 
aerodynamic noise emission processes in subsonic and supersonic shear layers. 
The wave equation in three spatial dimensions is first reduced to an ordinary 
differential equation by Fourier transformation, then solved via the WKBJ 
method. Throe typical solutions are required for discussions in this papor. The 
ourrent results are different from the classical conclusions. The effects of re- 
fraction, convection, Mach-numbor dependence and temporaturo dependence 
of turbulent noise emission are analysed in the light of solutions to the Phillips 
equation. Owing to the inherent restrictions of the WKBJ transformation, the 
results of the present paper should bo applied to wave radiation from shear 
Jayors whose thickness is no less than approximately one quarter of a wavelength. 
Such a condition is satisfied for turbulent round jets with an exit velooity greater 
than 0-0 times the ambient speed of sound. 


1. Introduction 

This analysis is based on the convected wave equation first introduced by 
Phillips in I960. It is intended here to study the noise emission and propagation 
properties in shear layers with known turbulence structures. An effort has been 
made to keep the analysis in direct parallel with the classical theory of aero- 
dynamic noise. However, no direot comparison with the Lighthill, theory is 
made bocause some basic assumptions are different, and the implication of 
suoh differences has not been determined. The analytical results indioato several 
new aspeotB of noise radiation mechanisms which are not available in the classical 
results. Since the analysis and physical interpretation of this study are rather 
involved, the assumptions made at various points throughout this paper are 
summarized as follows. 

The convected wave equation itself is derived through the basic principles 
of fluid meohanios, and it is a natural extension of the Lighthill equation of 
aerodynamic noise. The linearized version of the general equation has the form 
of a simple wave equation in Lagrangian co-ordinates. The right-hand side of 
this equation contains four terms: a turbulont quadrupolo, shear flow and 
turbulenco interaction, entropy fluctuation and visoous effect. If the flow domain 
is free of shocks, the acoustic pressure fluctuation can be assumed to be de- 
coupled from the entropy fluctuations. It is tacitly assumed in the present 
analysis that all terms on the right-hand side of'tho' wave equation are known 
quantities and the contributions of individual terms can bo 'considered as in- 
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dependent of each other. Justification for such an assumption is a difficult' 
fundamental question in the theories of aerodynamic noise. 

• The configuration of the flow-field brings further restrictive assumptions -to 
the convected wave equation such that it becomes mathematically manageable. 
The shear-layer profile and the turbulence structure are assumed to be homo- 
geneous in time and in the two Cartesian co-ordinates in the plane of the shear 
'layer. The mean flow velocity and temperature profiles are functions of the 
transverse spatial co-ordinate only. Under suoh conditions, .the three-dimensional 
wave equation can be reduced to an ordinary differential equation by performing 
Fourior transformation in the three co-ordinates for which the flow properties 
are homogeneous. The unknown wave funotion now depends on only one in- 
dependent variable, a spatial co-ordinate; together with two wavenumber com- 
ponents and frequency as parameters. 

The ordinary differential equation thus obtained is a canonical bturm- 
Liouvillo equation. In essence, this equation can be visualized as a simplo wave 
equation with a variable wavenumber whioh takes both real and imaginary 
values The point at whioh the wavenumber passes from one domain-to another 
is called' a transition point. In the present analysis, this, one-dimensional wave 
equation is first transformed to a standard form.by using a WKBJ transformation', 
and then solved by .using the Green function and integral equation technique. 
Several transformations are employed as required for different numbers of 
transition points at'different positions along the wave propagation path. 

A cruoiai point to bo discussed here is the inherent limitations introduced by 
the WKBJ method. According to Morse & Feshbach (1953), the WKBJ method 
is applicable only’ when the ohange in wavenumber in one wavelength is suf- 
ficiently small. In the present analysis, it means that the shear-layer thickness 
should be at least of the order of one wavelength. However, this comment applies 
mainly to cases where only the first approximation for the -solution is taken. 
The acouracy of suoh.a solution is - therefore subjeot to an asymptotic condition 
where the solution is exact only if the wavenumber approaches infinity. In the 
present analysis, the WKBJ method is used in the transformation of the dif- 
ferential equation-, while the oquation is solved through the Green funotion and 
integral equation teohnique. Honce, for any given wavenumbor the accuracy of 
the solution can be improved by talcing higher terms of the iterations.^ For 
practical computations, the convergence rate should be sufficiently rapid as 
long as the shear-layer thickness is greater than one radian of the acoustic wave- 
number, i.e.kL > 1, where k is the wavenumber and L is the shear-layer half- 
thickness. In the case of jet noise, the value of kL - is difeotly proportional to the 
Strouhal number. It can be shown that the above restriction on wavenumber is 
.• satisfied for all noise radiation at frequencies higher than the poak of the noise 
spectrum if the jet exit velocity is greater than 0-8 times the ambient speed of 
■sound. Hence, the above condition docs not impose any significant limitation on 
the application of the present analysis in dealing with noise radiation from high- 
speed turbulent shear flows. 

By solving the reduced wave equation through the WKBJ method, a solution 
for the wave funotion is obtained in mixed variables: one spatial co-ordinate, 
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two wavenumber components and frequency. In the far field, the pressure func- 
tion approaches asymptotically a function harmonic in the transverse spatial 
co-ordinate. If the deviation from the harmonio function in the near field is 
ignored, the wave funotion can bo transformed by Fourior analysis into a pure 
harmonio representation in wavenumber-froquenoy co-ordinates. However, 
neither of the above two representations is convenient for practical applications 
because it is much more important to know the noise spectrum and intensity at 
a given’ point in spaoo. It is therefore necessary, to transform the results back 
through an inverse Fourier transformation into physical oo-ordinates. This has 
been accomplished in closed form. One assumption has been made hero to 
simplify the mathematics: tho shear layer is assumed to be symmetric in the 
transverse spatial co-ordinate. The noise radiation above and below the shear 
layer is the same at all times, 

The key to this part of the analysis is that the process is aotually a matching 
of solutions. First, the pressure field is computed through the Phillips wave 
equation. Second, it is assumed that in the far field the solution is matched by 
a pressure field which is governed by a simple wave equation throughout the 
entire space. Henoe, the only differences between the two solutions aro in the 
near field. As far as wave propagation in the far field is concerned, it really 
does not matter what has happened in the near field. The solution in the far 
field as obtained through the inverse transformation is indeed the correot solu- 
tion to the Phillips equation. A.by-produot of this analysis is that an equivalent 
source function can he defined. After matching the solution of the Phillips equa- 
tion in the far field with a solution which is governed by the simple wave equa- 
tion, a source function in the framework of the simple wave equation can be 
identified among tho formulae. Suoh an equivalent source funotion in tho near 
field would provide the best indication of what effeot the shear flow has conferred 
upon tho radiation efficiency of tho turbulent sound sources. 

At this point, the main part of the analysis is complete. Since the non- 
homogeneous nature of the wave equation in the transverse direction precludes 
a olear description of the wave propagation process in oommon terminology 
of ray aooustios, it is necessary to make some further simplifying assumptions 
for the sake of interpretation of results. These assumptions include taking the 
high frequency limit, the definition of the turbulence structure as a Gaussian 
distribution, order-of-magnitude estimates of integrals, and others. These mis- 
cellaneous items will be discussed individually as they are needed later in this 
paper. 

In a review by Laufer, Ffowcs Williams & Childress (1964), it was noted that 
the original Phillips solution contained a faotor If the angle 

<j> between the a 4 x axis and the projection of the wavenumber vector on the plane 
of the shear layer reaches a critical value suoh that X—M c oos <f> = 0, M 2 — k 2 jQ~ 
vanishes. Therefore, the Phillips solution becomes singular. Furthermore, the 
speotrum of the radiated sound diverges as tho faotor Q approaches zero. It 
was on this basis that Laufer, Ffowos Williams & Childress had strong reserva- 
tions as to the validity of the Phillips solution. 

Both of these singularities oan be resolved as they are mathematical in nature. 
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The ooourrenoe of the former singularity is a result of an assumption made in 
the analysis of the original Phillips solution. In Phillips (I960), the Mach number 
is assumed to be vory largo such that the distance between the pair of transition 
points is small compared with the thiokness of the shear layer. However, the 
effective convection Mach number M c cos <f> equals one at the critical angle. The 
separation between the transition points then equals the thiokness of the shear 
layers, and the above assumption is violated. This point has been discussed in 
Pao (1972). In the presont analysis, the position of tho transition point and the 
proper form of the WIvBJ transformation are determined without any mathe- 
matically restrictive assumption. Apart from the restrictions disoussed earlier 
in this seotion, the solutions are uniformly valid for all wavenumbers at all 
Maoh numbers. 

The divergence of the speotrum is a mathematical problem associated with 
the speotral analysis of either the convected wave equation or the simple wave 
equation. Tho factor {Mq)~b in tho speotral solution to the wave equation is an 
integrablo singularity whioh appears to have no particular physical significance. 
In all practical applications, tho solution to the wave equation should be written 
in terms of the space and time co-ordinates instead of the spectral co-ordinates. 
The former solution can be recovered from the latter by means of an inverse 
Fourier transformation as given in this paper. One finds that such a solution 
depends explicitly on (4/#- Tho singular condition no longer exists. 

Among the assumptions in this paper, there are two important differences 
from the Lighthill theory. In tho Lighthill theory, it is assumed that the shear 
flow dimension is much smaller than tho wavelength. In this analysis, the shear 
flow dimonsion should be at least of the same order as the wavelength. Second, 
tho Lightlull theory was originally derived for convected turbulence at low 
Maoh numbers while tho Phillips theory was originally derived for shear flows 
with very high Maoh numbers. Since tho Lighthill theory has been subsequently 
extended by Ffowcs Williams (1903) to the high-speed’ regime, the second dis- 
tinction is actually rather ambiguous. Nevertheless, these differences in the 
basic assumptions make it rathor difficult to oompare direotly the results of- the 
present analysis with tho classical results. In view of such difficulties in com- 
parison, tho analysis in tho present paper has been kept in direot parallel with 
the spectral analysis of classical aerodynamic noise theory. By comparing the 
analysis step by step, one can ind eed gain muoh insight into the difference between 
these theories. 


2. Formulation 

By using the momentum equation, the continuity equation and the equation of 
state for a perfect gas, a convected wave equation can bo derived (Phillips, 1960) : 
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where f is the pressure, S is tho entropy, u { denote the velocity components,; t 
and x { denote the time and three-dimensional .Cartesian' co-ordinates, and c p , 
y and /t are tho speoifio heat at constant .pressure, the specific heat ratio and 
the coefficient of viscosity, 'respectively.. .For. sound, radiation processes in a 
turbulent flow, both heat conduction and viscosity are likely to be unimportant. 
Furthermore, if tho flow field is shock free, one eanprobably consider separately 
the effeot of pressure fluctuations and tho effect of entropy fluctuations. Under 
these circumstances, tho last two terms of tire right-hand side .of (1) can be 
omitted. ■■■■.- 

In order to construct a solution to the oonvoctod wave equation, it is necessary 
to speoify the flow fiold. A parallel shear flow has been chosen such that it has 
a oharaotoristio thickness 2 L and such that tho moan flow properties and the 
turbulent structure are homogeneous in timo and tho spatial co-ordinates x 1 
and x a in the plane of the shear layer. The moan flow velocity u L and the local 
speed of sound a are functions of :b 3 only. Although the foregoing assumption 
Bhould be sufficient, further restrictions can reduce tho bulk of the analysis 
without loss of generality. In Phillips (1000), an antisymmetric flow field is 
assumed. In the prosent analysis, tho flow is restricted to symmetrical profiles. 
The fluid far from the shear layer is assumed to be stationary, Equation (1) can 
bo furthor simplified if small terms are omitted. In a turbulent flow, the 
fluctuating velocity components are small in comparison with the mean velocity. 
However, the derivatives of the fluctuating velocity components cannot be 
assumed small. In the present study, terms depending on small quantities to 
second or higher orders are omitted. Equation (1) then becomes 


{(; 


8 _ 8 

Ft +Ul te 


i) ,+ (s + *-s;)“ 1 l;-|; o2 s;) log (s) 

-r{ 


2 8u i 8u<y . 

8x^ 



( 2 ) 


where u\ denotes velocity fluctuations with zero mean and the mean velocity. 
Equation (2) is different from tho original equation given by Phillips in two 
respoots. 

(i) There are two souroe forms on the right-hand side of. this equation. The 
first term is the shoar noise and tho second form is tho self-noise. . 

(ii) An additional term {{8jdt + u x dfixfj u[ 8j8x t } log.(p/p 0 ) appears on the left- 
hand side. It can be regarded as a dispersion term. Both djdl and u l dj8x 1 of the 
fluctuating velooity components are largo quantities.. Fortunately, their com- 
bination represents the evolution of tho. turbulenco in the • moving frame, of 
reference, which is known to bo slow. The value of Du'ijDt is of the same order 
of magnitude as the aooustio radiation. Hence, the effeot produced by this term 
may bo compared to tho diffraction of sound by sound, which.is a second-order 
effect. After this term has been nogleofod tho resulting equation has the same 
left-hand side as that given by Phillips. 

In the presont study, tho right-hand sido of (2) is assumed known, the same 
-assumption as was made in the Lighthill theory. Such an assumption is made 
here strictly in tho belief that the results of tho analysis, indeed- represent the 
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first-order effects of turbulent noise radiation. Philosophically, the turbulent 
source function is a part of the dynamical process in the flow, and thus inseparable 
from the left-hand side of the differential equation. A l’ational discussion of the 
limitations of this assumption must be dealt with from a point of view quite 
different from the praotioal intentions of tho present analysis, and thus lies 
beyond the scope of this paper. 

Tho shear-layer half-thickness L and the maximum shear-layer velocity V 
oan be ohosen as the reference parameters to non-dimensionalize (2). Since the 
mean flow and turbulence are homogeneous in time and in tho plane of the 
shear layer, a generalized Fourier transform in those co-ordinates is adopted to 
simplify the non-dimensional convccted wave equation. The ordinary differential 
equation thus obtained oan be written as 


with 


j|f2 

~- a 4%, h, k 2 , oi) + M> K k 2 , a>) = - r (y, k lt k 2 , oi), 
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W ** 
T = -r. 


M 2 
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«i(y) 


(3) 

(4) 


where y is an abbreviation for y 3 : M is the reforence Maoh number; k t denotes-the 
wavenumber components and oi stands for frequency. The functions. A, -4>-and 
P are defined by - ' 1 . 

A(y) = c{y)lc 0 , 


£(y ,r) ~ jjj®(y,k v k z , 
0(y,r) = 


<y) exp i(k 1 y 1 + k z y 2 + air) dk r dk 2 do), 
oi) exp iik^Ji + k 2 y 2 + on) dk 2 dk 2 da), 


£{y,r) = A {y) log {p{y, r )jp 0 }, 


Q(y,r) 




dvi 


tyj <*Vi M 


( 5 ) 


whero £?(y, t) represents both the self-noise and sliear-noiso source terms in the 
oonvected wave equation. Equation (5) will be the working equation for further 
analysis in this paper. Very few assumptions, apart from linearization and the 
ohoioe of the flow model, have been adopted in the derivation of tlus equation. 
No significant restriction has been placed so far on the range of applicable Mach 
numbers of the flow as chosen for the convooled wave equation. 

The funotion Mq oan be analytically identified with tho wavenumber k 3 . If 
the Lighthill wavo equation is subjected to Fourier transformations in the y v y 2 
and t oo-ordinates, an ordinary differential equation can bo obtained: 


d 2 p(y, k v k 2 , oi)jdi/ + klp(y, k v k 2 , oi) - - M z T{y, k t , k 2 , a>) 
k$ = MW-(kl + kD. 


■} 


( 6 ) 


In the far field, tho value of Mq approaches a constant. Hence, (3) and {0) are 
identical if the funotion Mq and tho wavenumber. component k 3 are assumed to 
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stand for the same quantity. Owing to the interaction of the shear flow and the 
wave propagation process, the function Mq becomes a variable in the near field: 
However, it can still be identified with the transverse wavenumber component 
in a limited sense. 

The function M-q 2 may vanish at certain points in the shear layer. Such a zero 
is called a transition point because the value of M 2 (j 2 changes sign aoross this 
point, and the reduced wave equation changes typo either from hyperbolic to 
elliptic or vioe versa. Honoe, it is necessary to employ the WKB J method to solve 
(3). There aro three cases that. need to be considered. In the first case, there is 
no transition point along the path between the sound source and the far field. 
In common practice, it is aotually not noocssary to use the WKB J technique to 
solve (3) in this oaso. Here it is considered as a zoroth-order WKB J transforma- 
tion and is treated in the same manner as the other two oases. In the second case, 
there is one transition point looatod between the sound source and the far field. 
However, there should be no other transition point within approximately two 
radians of wavelength. Hero the differential equation will be hyperbolic in the 
far field and elliptic near the source. The- source oscillation which contributes 
to nose radiation is hydrodynamic in nature. For this case the WKB J transforma- 
tion for well-separated transition points will be employed. In the third case, 
there are two transition points .near the sound source. The distance between 
these two transition points is less than two radians of wavelength. This case 
oan be analysed by a WKBJ transformation for a transition point where M 2 q 2 
has a zero of second order. 

The occurrence of transition points is mainly a funotion of the convection 
Maoh number and the angle of. radiation. The situation oan be considered 
from two different points of view. If a small sound source volume is given' in 
the shear layer, where the M c oan be regarded as constant, the number and 
position of transition points are determined by the angle of radiation. In order 
to desoribe completely the wave radiation in all directions, all of the above con- 
ditions for (3) will be encountered. From another point of view, one oan consider 
wave radiation in a given direction with source contributions from all layers of 
the shear flow. In this oaso, the transition point will be fixed at a point of the 
shear layer where M 0 is predetermined by the angle of radiation. Although the 
former point of viow is the most praotioal for applications, the latter view is 
represented by the formulation of (3). 

3. Solution to the convected wave equation 

Through the Fourier analysis indioated in the previous section, the pressure 
■field and the sound source funotion have been broken up into plane-wave 
olemonts. Since the Fourier transformation is performed in the stationary frame 
of reference, the froqnoncy o> represents the frequency of a plane-wave element 
as measured at a fixed point in the far field. The projection of tho wavenumbor 
vootor on the plano-'of the shear layer is represented by and k 2 . These com- 
ponents romain constant throughout tho entire spaco including the shoar-Jayor 
flow domain if a plano-wavo element has boon chosen in the far field. However, 
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wave propagation is non-uniform in the direotion normal to the plane of the 
Bhear layer and is governed by (3). 

In the far field, a plane-wave olomont is determined by its frequency and wave- 
number vector. In the prosent case, the frequency and two components of the 
wavenumber vector aro known. Since the magnitudes of the wavenumber and 
frequency aro related through the speed of sound, k 3 is also known. Irom the 
above indications, it is clear now that the role of (3) is to determine how a ohosen 
plane-wave element in the far hold is related to the turbulent sound sources in 
the near field, and how sound is propagated from the source tlirough the shear 
layer into the far-field. The. solutions to (3) given below for various cases will 
confirm tho above-mentioned role of tho reduced wave equation. 

By using a WKBJ transformation, the one-dimensional wave equation can be 
transformed to the following standard form: 

dhjjd^.+^y = g n (Z)y+K(£) (»- 0,1,2), (7) 

with ffn (g) = w~\nr~ urirnx (8) 

K(&) = h v k„ a,WlA*J 

where the transformations of tho independent and dependent variables are de- 
fined by 

y{i) = f'(y) <%)> 

' }2/(n+2) 

g = m = \^] v M ^y) d y) • w 

f'{y) - dfldy = q(y) £~K 

The value of n denotes tho order of zero at the transition point, and the lower 
integral limit y 0 indicates the’ position of the transition point. For n = 0, there 
is aotually no transition point tlrrouglxout the path of integration. Therefore, 
y 0 can be conveniently chosen as y 0 — 0. The function g n (£ ) is a residue function 
arising from the WKBJ transformation. In the far field, g n {£) approaches zero 
as £ -s . In the neighbourhood of the transition point, the limiting values of ijr' and 
g n remain finite as £ approaches zero. In the remainder of this paper, the solutions 
will be identified by £0, Si and S2 for oases with n = 0, 1 and 2, respectively. 

Since the Green function, integral equation technique for solving (3) is essen- 
tially the same as that given in Phillips (1960), details of the derivations -will not 
be repeated here. In Pao (1971), the solution to (3) has been given as 

^(g) = ff(£)+J o B(|,s){ ? J 5 )^( 5 ) + ^(s)}ds, (10) 

where H(£) is an arbitrary solution which satisfies the homogeneous wave equa- 
tion and I2(£, s) is the rosolvont kernel whioh is conjugate to the kernel K{£,a) 
of the integral equation. As a first approximation, the resolvent kernel 

R&s) = Z(£,s). 

However, the solution can aotually bo given in a simpler form: 

' y(t) = im+^m,s)h(8)d*. 


( 11 ) 
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The difference lies in the starting-point of the iteration. In (10), the zeroth-order 
solution is assumed to he //(£), while in (11) the zeroth-order solution is assumed 
to be zero. In the limit, both iterations will lead to the same analytic solution. 
For each of the threo main solutions, the boundary conditions and the analytical 
nature of the integrals are different. These solutions will bo discussed separately. 
For clarity of interpretation of results, only the first approximation to the. 
resolvent kernel will be employed in tho discussions immediately below. The 
higher iterations will bo discussed later in this paper. 


The acoustic mode SO 

In the SO solution, no transition point is encountered along the wave propaga- 
tion path. Hence, tho value of M-q 1 is always positive and bounded away from 
zero. Tho homogeneous solutions to (3) are the simple harmonic functions of £. 
Tho kernel of the integration can be written as 


K(£, s ) = (2£)~ J = sin (£-s), (12) 

where s is a dummy variable corresponding to £. It should be noted also that tho 
origin of the £ co-ordinate has been defined to bo tho same as the origin of the 
y 3 co-ordinate. Since the first approximation to the resolvent kornel is 7f (£, s), 
tho solution can be given as 

<t> 0 (y, k v k„, w) = [ a + b + f £ sin (f-s)h Q {s t Ic v k 2> «) ds], (13) 


where a and b are arbitrary constants to bo determined by the boundary 
conditions. 

If tho wave is assumed to be propagating away from tho shear layer at y = ± oo 
these radiation conditions will servo as tho required two boundary conditions. 
In tho presont discussion, the shear layer is similar to a jet exhaust flow into 
a stationary ambiont modium. Tho convection velocity vanishes on the y 3 axis 
at y 3 = ± oo. The main shear flow will be confined to the neighbourhood of the 
Vi, 2/ a Plane. 

For tho above-mentioned flow condition, it is easy to verify that tho outgoing 
wave at + oo is represented by oxp (i£) and the outgoing -wave at — co by exp ( — i£) 
The boundary conditions can bo written as 


1 1 
a + -jj -1 e~ i8 h 0 (s, k v k 3 , <o) ds = 0, 

0 

1 f 00 

b - c is h 0 (s, k v * 2 , hi) da = 0. 

o 

Hence, the solution to tho oonvoetod wave equation for the SO mode is 


(14) 


%(y, K h> w) = (2i) _J 

X jc«J e~ i,! h(s, Aq, & 2 ,w)ds + e“^J e* h(s, k v k 3 , «)dsj . (15) 

From the structure of this solution, some immediate conclusions can bo mado. 
First of all, a local frequency can be defined through a Lagrangian transforma- 
tion of co-ordinates. The local froquonoy of pressure fluctuations as measured' in 
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a frame of reference which moves 

as. .. 




with the convection velocity M d can b.e-writton 


^ Once a far-fiold plane-wave oloment has been deterinined; the valuesxof k lt .k 2 
and-h> will remain oonstant. ‘The value of Mq, though variable?; ’is directly 
proportional to the value of w. In the high frequency limit,; there is a straight? 
forward physioal interpretation of ( 16). The value of Mq oan be made, arbitrarily 
large as the valuo of o) incroasos. Under such conditions, tho valuo of Mq will 
appear to be oonstant over many wavolengths in a small interval A y in the shear 
layer. If it is further assumed, that a correlated, turbulence volume lies in Ay, 
then’the integrals in (16) will have the form of a Fourier transformation. These' 
integrals will thus serve to.seloct a harinonio component from" the source, function 
and paas it to the far field as a radiated plane-wave olement. This source element 
will have a looal frequonoy <u 0 and a wavenumber vector' (k^ k 2 , Mq). However, 
by definition of Mq (equations (3) and (1G)), 'the -foil owing relation holds: 


<4=UlMf{k\+.kl+{Mqf). . ■ ■ . .(17) 


Hence the magnitude of the wavenumber veotor is related to the local fre- 
quonoy through the local spoed of sound. The source element' which is responsible 
for far-field noise radiation is, therefore, an acoustic component of the turbulence 
structure in the - convootcd- frame of reference. Therefore, the SO mode of.-noise 
emission oan also he called the acoustio mode. 

- The Doppler offeot of frequency shift can be recovered directly from (16). If 
the angle between the far-field wavenumber veotor and the y l a,xis is defined as 6, 
equation (16) can bo written as 

o) 0 ~ o)(1—M c oob0), with ki=>k„ oos0; &> =•— k^M, (18) 


whore k a denotes the magnitude of the wavenumber- veotor in the far field, and, 
the negative sign in the wavenumbcr-frequenoy ratio indicates a forward- 
propagating wave according to the definition of the Fourier transformations. 
Therefore 

o> = <y o /(l-Af c cos0). (19) 

Since it is known from the above disoussion that tho local frequency of the source 
funotion equals the source function and the far-field noise radiation are 
related by the Doppler shift relation. Equation (19) is derived only from the 
far-field conditions and the definition of w 0 , its validity does not depend on the 
details of the shear flow profile. This relation should apply equally well to solu- 
tions SI and S2. 

The S 1 solution 

In this oaso one transition point exists between tho far field and the source, 
region. Tho governing differential equation is hyperbolic on the far-field side of 
the transition point and is olliptic on the other side. In Erd<$lyi (1956, p. 98) 
it is shown that tho solutions on both sides of the transition point can be made 
analytically continuous tlirough tho uso of Airy functions. The matohing con- 
dition at the transition point has boon included in tho definition of the Airy 
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functions. For this reason, it is more convenient to define the transformation in 
a way whioh is slightly different from (0): .1 - 


tiy) = {f ^2/]*- (20) 

Aooording to this definition, £ is real and positive for points on either side of 
tho transition point. The sign convention for the Airy funotions requires, how- 
ever, that the argument of the funotions be negative for the hyperbolic branch 
of the solution and positive for tho elliptio branch. In tho present analysis, the £ 
co-ordinate is pointing at the opposite direction from the y co-ordinate for wave 
radiation to plus infinity. 

The kernel for the integral equation can be given as 


V{#i (£) Ai (s) - Ai (£) Bi (s)} for y =£ y 0 . 


y > y 0 > 


} 


( 21 ) 


Honoe, the first-order approximate solutions to the conveoted wave equation are 


®i(y> K K to) = {Mq(y)}~i £ijaAi(-£) + tBi(-£) 

( — ^) Ai(— «) — Ai (— g) Bi (— a)> A a , co) J for y >'y 0 (22) 

and 

*a. ^ = {Mq(y)}~l £* Jo Ai (£) + b Bi (£) 

+// (Bi (£) Ai (a) - Ai (£) Bi (a)} h^s, k v k 2 , «j) dsj for y^y B . (23) 

Two boundary conditions are required for the Si solution: the pressure wave 
is outgoing as £ approaches minus infinity, and the pressure fluctuation vanishes 
as £ approaches plus infinity. In order to define the boundary conditions, the 
asymptotic approximations for tho Airy funotions with large argument are 
required: 


Ai (-£) ~ 7rd£“i sin (£ +ln), Bi ( - £) ~ n"££-f cos (£ + Jtt),' 
Ai (£) ~ |7r-i£- 1 e~<, Bi (£) ~ n-ig-i eZ, 


(24) 


where £ = |£i. A r tor those values of the Airy funotions have beon substituted 
into (22) and (23), it oan bo seen that tho asyraptotio value of the solution is 
a linear combination of tho simple harmonio funotions exp (±ij M\q\ dy } in tho 
far field, and the exponential funotions exp { ± i J M\q\ dy } in the near field. Honoe, 
tho boundary conditions oan be written as 


a+7T j 0 hfs) ds - ib - nij^ Ai(-s)h 1 (s)ds = 0,j 

b + J 7t Ai (s) h^s) ds = 0, 


( 25 ) 
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whore 7q(a) is an abbreviation of 7q(3, k v Jc 2 , w). The solution to the Sl-ease for.y >y a 
in the far field oan now be written as ■ • ‘ v • 


k lt k z , o)) « n{Mq(y)}-i £ l |{Bi ( - £) + i Ai ( - £)} 

x|— J Ai(a)7t 1 (s)<Zs+J Ai ( — s) /^(-s) cTsj 
+ Ai ( - £) • J* {Bi { - a ) + i Ai ( - s)} 7q(s) cfsj . 


(26), 


Since the presont subject is wo»vo radiation into the far field, the solution for the 
olliptio branch is not shown. Howcvor, it can bo easily recovered from (23) by 
substituting into it the values of the constants a and b. 

In (26), the last torm on the right-hand side vanishes as soon as y is beyond-the 
shoar layer. The remainder represents tho source contribution of the shear layer 
along the path of wave propagation. Tho contributions from the elliptic region 
and the hyperbolic region are given in soparate terms..In-the elliptic region, the 
integral represents an oxponcntially weighted sum of tho souroo elements located 
at variable distances from tho transition point. Tho radiation officiency of a 
source function decreases rapidly with distance from the transition point. It 
should bo noted that tho distance is measured in terms of wavelengths. For the 
samo physical distance along tho y axis, tho distanoe-would appear to bo much 
greater for high frequency than for low froquenoy. In this region, the transverse 
wavenumber of tho source eiomont is imaginary, and the ration of frequency to 
the real oo'mponent of tho wavenumber is less than tho looal speed of sound. 
Henco, the source eloment oan bo oharaotei’ized as hydrodynamic. 

In the hyperbolio region, tho funotion Ai ( — s) is oscillatory. When the value 
of a is large, it can be shown that the noise radiation solution for the hyperbolic 
region of Si approaches the form of the SO solution asymptotically, if the func- 
tion A i ( — s) iB replacedhy its asymptotic value as given in (24) . The interpretation 
of this part of the solution is, therefore, the same as for the SO mode. From 
discussions of the contributions of the source function in the elliptio zone and 
tho hyperbolio zone, an interesting conclusion oan be made. For low frequencies, 
souroe olemonts in both regions can radiate noise with comparable efficiency. 
For high frequencies, only sources in tiio hyperbolio region and those in the 
neighbourhood of the transition point are responsible for effective emission of 
noise into the far field. 

For shear flows with very largo oonvoction Maoh numbers, more than one 
transition point may appear within' the lialf-thiokness of the shear layer. The 
elliptic zone of tho differential equation is now hounded. In the presence of 
a second transition point, the second boundary condition, which states that 
tho pressure fluctuation vanishes at 'infinity in tho elliptio zone, cannot be 
established. However, tho second transition point can be ignored if the frequency 
of sound undor consideration is sufficiently high because the separation between 
these transition points will appear to bo very largo, and their influence on each 
other will be very small. If those transition points are separated by more than 
two radians of wavelength, the error in tho solution due to accepting the second 
boundary condition in its present form is less than one per cent. 



Noise emission from turbulent shear layers 


463 


The 82 solution 

If the distance betweon two consooutivo transition points is less than two radians, 
thoir presenoo must bo considered togother. In the limiting case, the transition 
points are considered to bo a single point with a second-order zero for the function 
M z q 2 . Tbo WKBJ transformation and the resulting differential equation for 
the present case is given by (7) with n — 3. The homogeneous solutions of the 
wave equation are related to Bessel functions of order one quarter, as given in 
Phillips (1960). It is more convenient to represent the homogeneous solutions by 
a pair of functions Pa and Qa: 

Qa(£) = +^i«W 2 )}> (27) 

ai = 2-*(i+i)- J 

The kernel for the integral equation can now be written as 

m,8) = w{Qa(g)Pa (a) - Pa (g) Qa (a)}. (28) 

It should be noted that the reduced wave equation for 8 2 is hyporbolie on 
either side of the second-order transition point. In the present study, the origin 
of the WKBJ transformation is defined along the y axis as follows: it is the upper 
transition point for the upper branch and the lower transition point for the lower 
branch. In Phillips (1060), the definition of the origin is somewhat different. 
Neither definition is exact. In the presont ease, the derivative of the transforma- 
tion ncods to be defined in tbo neighbourhood of the transition point such that it 
remains finite: 

-*!(!; (§)}* ft-ra+nw. m 

On the other hand, the Phillips definition results in an inaccuracy of the trans- 
verse wavenumber component in the far field. Since the final solution is given 
in integral form, an isolated singular point in the definition of ijr' can be removed 
with affecting the value of tho solution. The present definition of the WKBJ 
variable appears to be acceptable. For both the upper and the lower branches, 
tho solution can be written as 

0 2 {y, h v k 2 , o)) - {Mq(y)}~i gl jo Pa (g) + b Qa (g) 

4- it J *[Qa (g) Pa (a) - Pa (g) Qa (a)] h 2 (s, k v k 2 , (o) dsj . (30) 

There is a total of four arbitrary constants: a x and 6 X for the upper branch, 
and a 3 and 6 a for the lower branch. These constants will be determined by four 
boundary conditions. Two of the boundary conditions require that the pressure 
wavo should be outgoing at y = ±oo. The other two conditions require that the 
branch solutions should match at g = 0. At the sooond-order transition point 
the pressure should bo in equilibrium, and the wavo : inducod flow field should 
bo kinematioally compatible. For 82, tho eonveotion velocity has a finite jump 
aoross the transition point. Its value is exaotly twice the local speed of sound. 
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The treatment of matching conditions for wave propagation across a shear dis- 
continuity has been discussed in detail by Miles (1967) and Ribner (1957). The 
Bame matohing conditions aro used in the present analysis. The asymptotic 
values of the functions Pa and Qa for large values of £ can be'writton as 


Pa(£)£(27r£)-*exp{-i(££ 2 + £w)}\ - 

Qa(£) £ (27r£)-i exp{i(|£ 2 +£ff)} J 


(31). 


If these expressions are substituted into (30), the solution will be represented by 
the harmonic functions oxp{±i J M\q\.dy) in the far field. There are two cases 
which need to bo considered. - 

First, if the shear flow velocity is extremely large, two transition points may 
appear simultaneously within the half-thiokness of the. shear layer. Since the 
shear gradient, is large, those points may be very close together. The shear flow 
on the two sides of these transition points appears to flow in different directions. 
Its analysis is quite similar to flows with an antisymmetrical profile. Here, the 
outgoing wave is represented "by the Qa (£) component for both branches. The 
radiation conditions can now bo written as 


— jtI Qa ($) kg, kg, w) da — 0, 

e — 00 

cig — 7T I Qa ( 5 ) Jig^s 1 kg, k 2 , a?) da ~ 0. 

Jo J 


(32) 


According to Ribner (1967), the matching conditions at the origin of the £ co- 
ordinate can be given as 


eqPafOJ + fcjtQatO) = <z 2 Pa(0) + & a Q a (°)> 

OiPa^OJ + bjQa' (0) = — gs 2 Pa' (0) - & 2 Qa' (0), 
Qa(0)‘ = Pa(0), Qa' (0) = -iPa' (0), 


(33) 


where Pa' and Qa' indicate first derivatives with respect to £. It follows that 

Hence, the solution to the wave oquation can be written as 
%{y, K K <°) - I* [ Pft (£)J* + Qa (a) hg{a) da + Qa {£) 

x |J J Pa(3)^ 8 (a)ds + |(l-i)J^ Qa(s)A 2 (a)da-£(l + i)J^ Qa (s) h 2 (a) dsjj 
for the upper branch, and (35) 

®g{y, k v kg, 0)) = ir{Mq(y)}~i £i [Pa (£) J Qa (a) h 2 (a) da + Qa (f ) 

x|J £ pa (s) h 2 (s) ds + i(l -*) J fl Q a ( fl ) Ki s ) ds - 1(1 + *) Qa (a) A a (s) dsjj 

(30) 


for the lower branoh. In the above equations, the radiated wave is represented 
by the Qa (£) term. Its coefficient is composed of three parts: direot outward 
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radiation from the sources, inward radiation as reflected by the transition zone, 
and the contribution from sources on the other side of the transition points. ' 
In the second case, the velocity of the shear flow is not necessarily high. Since- 
the velocity profile is symmetric, the transition points come always in pairs. 
When the frequency of noise radiation is sufficiently low, these transition points 
have to bo considered together. The boundary conditions are different: the 
solution approaches Qa (£) at y = 4- co and Pa (£) at y — — oo. The WKB J trans- 
formation near the transition point is also different. Since the velocity gradient 
• vanishes at the transition point, the limiting value of at £ = 0 is given by 



(37) 


where the' second derivative of MJA indicates the mean ourvature of the shear 
flow profile at £ = 0. The matohing condition near the origin of the £ co-ordinate 
now roads 


ajPatOJ-F&iQafO) = a a Pa(0)+6 a Qa(0), \ 
a ! Pa' (0) + Qa' (0) - a 2 Pa' (0) + & 2 Qa' (0) J 


which is actually equivalent to stating that both the pressure and the pressure 
gradient be continuous across the transition point. The solution for the present 
oase can now be written as ' 


®z{y, h> K w ) = £1 jpa (£)J^ Qa (s) h 2 (s) ds 4- Qa (£) ‘ . 

x J Pa (s) h z (s) dsj . (39) 


Equations (35), (36) and (39) are analytically similar. In further disoussions in 
this paper, these cases will not be cited separately. 

Since tho wavenumber is assumed to be small, the value of £ will be small 
throughout the shear layer. The source funotion is concentrated near the origin 
as far as the £ oo-ordinato is concerned. Furthermore, the interval between the 
original transition points along the y axis is reduced to zero in the transformation. 
Henoe, it is ni ore convenient to calculate tho integrals in torms of the y co-ordinate. 
In this oaso, all tho sources are looated near tho origin of the £ co-ordinate. The 
expression for the souroo integral can be significantly simplified. For example, 
the coefficient of the Qa (£) term in (36) oan be written as 

J*Pa(s) 7 i 2 (a)da+£(l-i)J Qa (5) h 2 {s) ds-$(l~i)J Qa (s)h s (s)ds 

. , (40) 

whore Pa(0) — 0-5770338. Tho coefficients for the Qa(£) term in (37) and (30) 
oan also be reduced to the same form, where the limits of integration in the y co- 
ordinate are the boundaries of the shear layer. In the interval between the 
original transition points, tho souroo function can be identified as a hydrodynamic 
pressuro fluctuation. The souroo in this interval is in fact tho most important 
part for S2. In tho above equation, tho source integral is simply a Bum of all 
30 


FJ.K 
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the contributions throughout the shear layer without weighting factors. In 
common turbulence structures, the hydrodynamic components contain.most.of 
the kinetic energy. Hence, the contribution to noise radiation comes mainly 
from source functions in the elliptical region of the S2 wave equation. 

Although the S2 analysis is based on the assumption of low-froquenoy noise 
radiation, the validity of tho results here is limited. In the WKBJ transformation, 
the residue funotion </(£) is proportional to within the shear layer. It beoomes 

vory largo if k is much smaller than one. Although the iteration of the integral 
equation will eventually converge, tho convergence rate will be very poor. For 
all praotioal purposes, the present solution should be applied only to oases 

where k~ 1. .... 

The inverse Fourier transformation 

In most practical studies of noise radiation from turbulence, it is necessary to 
know the sound intensity and spectrum at given points in space. The solutions 
obtained so far in the present papor are represented mainly in terms of the wave- 
number-frequency co-ordinates. Hence, it is the purpose of the analysis in.this 
seotion to reoovor the spatial resolution of the SO, SI and S2 wave functions. 
The spatial representation of the solution iB advantageous from yet another 
point of view. It has boon noted before in Laufer et al. (1904) that the speotral 
solution diverges at small values of Mg. Evidently, a factor of [Mq)~i is con- 
tained in all solutions for £0, Si and S2 as given by (15), (26), (36), (37) and 
(39). This weak singularity has stirred up serious concern about the validity 
of the solutions. Suoh a singularity will not appear in the spatial representation 
of the solution to the wave equation. 

The solutions in all three cases approach asymptotically the harmonio func- 
tions exp ( ± i f Mq(y) dy) in the far field . It is possible to represent k v k z , a>) 

entirely in terms of the wavenumber-frequency co-ordinates. In order to keep 
the mathematical expressions from being too complicated, tho shear flow profile 
and its assooiatod turbulence structure are assumed to be symmetric with respect 
to the y oo-ordinato. As a consequence, the radiated wave fiold oan also be 
regarded as symmetric with respect to the y co-ordinate. With this assumption, 
the Fourier transformation of tho wave function with respect to y will he. the 
same as a cosine transform, and it can be written as (Erddlyi 1954) 

O n (y, lc lt k 2 , <a) e~ ik > »dy » K a) 

= ki ' Mqa ” w) ’ (41) 


where 0 n = ® 0 (*i> *2. w ) = ^ J 0 e ~ <3 * for S0 ’ ( 42 ) 

<D n = 0#i> k 2> Mg*, <y) = 

O n . {OTS2; (44) 

~k\+lcl+kl 


A { ( - s) h^s) ds + f A { (s) h^s) A?] for Si 

J - <X> I (A 


(43) 
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In (41), the wave function is considered to be harmonic in tho far fiold.as 
well as in the near field. That is, .the original wave function- has been replaced ; 
by one which is, harmonic tliroughout the- entire space, while it matches. the 
original solution in the far field. ; . , : 

By using (41), tho spatial and .temporal resolution of the solutions can be 
recovered by moans of a four-dimonsipnal invorso Fourier transformation: , 




-JMJ 


<I>„(A-, , /.- 2 , M q m \ o>) 


lei- MW 


oxpi(k.y-Hyfjdk(&<;, ,(45) 


whoro tho limits of integration are ± co. Tliis equation has exactly the same form, 
except for some numerical constants, as tho genoral solution to a simple wavo 
equation- in three spatial dimensions (Morse & Feshbach 1953). This equation 
can .then be written alternatively as . , 


• <<*V(y, 0- - ^ JJJJ w) G(y, y 0 , <o)e. ial dy 0 d<o, 

■ P(yo>«>) = JJJ co) «*"•* dk,- • (46) 

<?(y,yo> w )'= - ■ • 

, ... {y— y 0 | s r.-y.yjr . (r = y; r == [r|). 

In tho abovo equations, tho origin of tho y co-ordinates is assumed to be in tho 
source region. The dimension of the ontire source rogion is 'assumed to bo small 
oomparod with tho distanco from a point y 0 , in the source region, to a point y 
in tho far field. Equation (45) can now be written as 


G(y ,i)=~J' < ° ...J“ oxp £-iy 0 . ^k-~jjc^dy 0 dkd<y. (47) 

If this equation is first integrated with respeot'to y 0 , arid' then integrated with ' 
respect to k, the result can be written as ' , 

3>»<y • ( 48 )' 

If noise spectrum is preferred, the above equation can be expressed as 

- - ®n(y.") = £(^) a {^?®}^n ' - (49) 

Hehoe, the spatial resolution of the solutions to the 'convooted wave equation 
has boon recovered in terms of closed-form expressions. 

Throughout the above analysis, it is not necessary to define the oquivalont 
source function P( y 0 , «). Thorofore, any sorirco funotion which can produce the 
correct speotral funotion in the far field will suffice. . 

Equation (49) indicates somo importantproportiosof tho wave omission prooess.. 
The intonsity of tho pressure wavo doponds.on tlio invorso, square of the radial 
distance between tho source and tho receiving point in tho far field.. Further- 
more, tho prossuro fluctuation in the neighbourhood of any point, in the far field 

30*2 
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is dominated by a thin penoil of rays emitted from the source in the direction of 
the receiving point. Since this solution is extremely similar in form to the solution, 
written in the wavenumber co-ordinates, the inverse transformation has been 
overlooked in previous studies of tho conveoted wave equation. After the inverse 
Fourier transformation, (48) and (49) show that the actual noise spectrum at 
a point differs from the plane wave spectrum, (15), (28) and (30), by a factor of 
kjr. As a consequoneo, some previous interpretations by Pao (1972) concerning 
the parametrioal dependences of the solutions in various modes are in- error. 

Noise emission jrom random sources 

For a random noise source, the source function oan only be defined in a statistical 
sense. Tho results aB obtained above have to bo further qualified. It can be' 
assumed that, for any of tho above solutions, a complex conjugate problem of 
the wave propagation process can be posed. After the, general solutions. for both 
problems have been obtained, thoy ban be multiplied together, and the ensemble 
average of the product can thon be taken. The result will represent the statistical 
solution for noise omission from random souroes. The SO solution is chosen here 
to demonstrate the analysis. The general solution of the complex conjugate 
problem corresponding to the SO case can.be written as 

VofaKK™) ~ {Mq(y)}~i A £( r ) dr + «r**J(r)drJ. (50) 

Henoe, tho ensemble average of the produot of these solutions can be written as 

<D 0 <DJ = jl/tf(y)- 1 jjy £ e~ u e {r h 0 (s) (r) dr ds 4- e*e-* r A 0 («)AJ(r)drdaj, (51) 

where the ensemble average, denoted by an overbar, of the product' of disjoint 
integrals is assumed to bo zero. If the turbulenoe is assumed to be locally homo- 
geneous in structure, >the correlation coefficient of the turbulenoe at two separate 
points depends only on the distance of separation, and the intensity of turbulence 
depends only on the mean value of the oo-ord mates of these points. A change of 
variablo oan be defined: 

*3 = y*-y> /« = $(y+y*), (52) 

where y* and y are points along the y axis which correspond to r and s, re- 
spectively, along the £ oo-ordinate. 

Tho correlation funotion of the turbulenoe can be written in these co-ordinates 

" S h(8, k v &j, a) h*(r, k u k 2 , wj = N(fi) II (A 3 ), (53)' 

where II (A 3 ) is the correlation funotion and N(/i) indioatos the source strength- 
distribution. For a small source volume, N(/t) oan bo defined as N(ji) = 1 in 
tho source region, and vanishes elsewhere. Unfortunately, (51) cannot be further 
simplified booauso the co-ordinate transformation between y and g is neither 
linear nor homogeneous. Tho origin of the £ oo-ordinate is always fixed at the 
transition point. A convolution integral for (51) is therefore impossible to derive 
except for special cases. For practical problems, the integrals will be evaluated 
by numerical calculations. 

l 
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The higher iterations of the resolvent kernel 
Tho resolvent kernel of a Volterra integral equation can be obtained from K(£, e) 
by iteration: 

m,s) = (64) 

n-l 

where #»(!, s) = J* X(£, r) g(r) s) dr, K'(£, s) = K{£, s), 

whore g(r) is the residue funotion of tho WKBJ transformation as defined in (8). 
The subscript for this function is omitted hero to avoid confusion. For the 
oases as studied in the present paper, the kernel of tho integral equation can 
bo written in general as 

- (««) 

where J\(f) and F 2 (£) are the normalized homogeneous. solutions for each case. 
A formalism oan now be established for the iterated kernels. If the functions are 
treated as components of a two-dimensional vootor, then 

K"(Z,8) = FM)G?i{£,8)F } (s), . ( 66 ) 

where <?&(£, a) = (£, r ) F k( r ) ffM F i M Wf 1 (?> «) & 

and ~J). 

The summation convention is adopted for these equations. Since g(Z) approaches 
zero like £~ a for £ ->■ co, the iteration is expected to converge rapidly. 

There are two main reasons for writing the resolvent kernel in tho present, 
form. First,. this formalism can be adapted.direotly for numerical computations. 
Second,- an explicit form of the functional dependence of the resolvent kernel 
is neoessary in order to show that the iteration will change only the source 
integral and not the form of the radiation boundary conditions in the. far field. 

Tho radiation boundary condition in tho far field requires the knowledge of ' 
both <I>(£)and its first derivative.-Using the nth approximation of the resolvent 
kernel, the solution to the wave equation oan be written as 

c>(£) =» am) + bm) + m) f *) m) w*) <&• w) 

J 0 1 

Henoo, tho derivative of ®{£) depends on both the derivative of FfZ) and the 
derivative of the integral. The derivative of the integral contains two terms: 

i? f ’£ Q'm> 8) F M) H*) d8 = Z flfcd, Z) m) h &) + f ‘ £ 4 8) F } (s) h(3) ds. 

dsJ o i i ' Jo i (58) 

Aooording'tothodofinitionof Qfy(& s), both £?]){£,«) and its first derivative vanishes 
at infinity. Henoo, tho derivative of tho integral vanishes at infinity. The. 
boundary conditions are defined by the homogeneous solutions' and thoir. 
derivatives. The analytical form of tho radiation boundary conditions are, there- 
fore, hot affected by the order of iteration. 
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4. Discussion 

•Refraction effects 

It has been pointed out earlier that the key wave propagation properties in 
a shear flow aro fixed by the reduced' wave equation. Some properties, such as 
tho Doppler shift and the dynamical nature of souroe elements in a Inoal frame of 
reference, have been discussed in connexion with SO. Closer examination of rela- 
tions botween the source function and far-field plane-wave elements will be 
given in this section. 

In.&0, tho source olomont for noise radiation in the high frequency limit can 
bo identified as an acoustic component of the local turbulence structure'. Hence, 
such an element has also a local direction of propagation. If the local convection 
Mach number is M e , thou the local direction of .propagation 0 O will bo related to 
the far-field angle of radiation 6 by 

, . cos0 o = A cosd/(l — j!/ c oos0). (69) 

This relation is obtained' through (19) and tho following formulae: 

1c m cos 0 — lc 0 cos 0„, k„ = Mo, k 0 — Mo) 0 jA, (60) 

whore Jc a is tho magnitude of the wavenumber vector of the source element. 
It should bo noted that (69) is identical to tho refraction relation for wave propaga- 
tion in a shear flow. Honco, the refracted jrnth of wave propagation in the shear 
layer can bo traced by means of (59). The above disoussion applies also to the 
noise radiation -mechanisms for source functions located in the hyperbolic 
branch of Si . 

For sound sources'in the elliptic branch of 51, the interpretation can be given 
from' a different point of" view. Analytically, the wavenumber component in 
tho transverse direction is imaginary. It is well known that in such cases the 
wave particle velooity is out of phrase with the pressure' by \rt. There is no 
energy flux in this direction. However, the wavenumber component in the 
direction of tho flow is real, and tho turbulent energy contained within.a given 
source' element will be carried forwards through looal pressure fluctuations. For 
a small source volume located beneath the transition point, its pressure fluctua- 
tion is felt, with an exponential decay factor, by tho fluid layer in tho neighbour- 
hood of tho transition point. At tho transition point, the pressure fluctuations 
attain the sonic phase velooity. Hence, the pressure fluctuations' can now propa- 
gate and turn as an acoustic wave, and leave the shoar layer as a radiated plane-' 
wave element. For source elements which are located in the elliptic, branch 
of 51, equation (50) fails bocauso |cosd 0 | > 1. Horo k 0 is no longer related to <u 0 
through the looal speed of sound as specified by (60). 

For source volumes in 52, tho transverse wavenumber component cannot 
bo prboisoly defined. Nevertheless, it can bo 'considered as zero. Tho turbulence 
source fluctuation has a real propagation velocity in tho direction of the- flow. 
Tho general solution in 52 indicatos that the source function in such cases is 
coupled diroctly with radiated plane-wave elements in the far field. 

The correspondence botween tho souroe and tho radiated noise as described. 
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here is not the same as that given in the olassical analysis of turbulent noise. 
In both theories, the frequencies are related through the Doppler shift relation. 
In the classical analysis, tho wavenumber vector is the same for a plane-wave 
element in the far field as for the corresponding turbulent source component. , 
The analysis which leads to this conclusion is similar to the derivation of (48) 
in connexion with the inverse Fourier transformation. This is perhaps a necessary 
consequence if the wave propagation process is governed by the simple wave 
equation throughout the entire spaco. Owing to such correspondences between 
wavenumber and frequency, the phase spaed for tho source component in the 
oonvected frame of reference can range from zero to values much greater than 
tho local speed of sound. This phase speed equals the local speed of sound only if 
q „ an d jt is greater than tho ambient speed of sound for all.# > In. In the 
present' theory, the local phase speed of tho source element can only be equal to 
or smaller than the local speed of sound. In the case of radiation in upstream 
directions, tho transverse wavenumber component changes rapidly in tho shear 
layor such that locally tho ratio of frequency to the magnitude of the wave- 
number vector is always the speed of sound. The physical interpretation of such 
requirements appears to be correct. Tho turbulent source is embedded entirely 
in the fluid and is not in contact with any solid surface. In addition, only linear 
wave propagation is oonsidorod. Hence, the fluctuations in the turbulence can 
only have phase speeds which are equal to or less than the local speed of sound. 

So far, noise radiation has been considered in one direction at a time. The 
solutions aro given in forms such that all contributions from various source 
volumes are summed along the path of radiation which leads to a given direction 
in the far field. On the other hand, it is more familiar to consider a given compact 
source volume which radiates noise in all directions. It is clear from the above 
discussions that different spectral components of this volume of turbulence will 
be responsible for noise radiation in various frequencies. The noise radiation 
mechanism will also be governed by different modes of solution to the convected 
wavo equation. 

For a given convection Maoh number for the source volume, tho far field can 
bo divided into a maximum of four zones. The governing type of solution which 
rolatos the radiated noise to the source function will be different in each zone. 
Tho dividing angles 8 V 0 2 and 0 3 for these zones are given by 

cos#! — ll(M a ~A), 0 X = 0 if (jl£-4)«l, ' 

COS0 a tas lj(M c -bA), (®1) 

oos 03 = l 0 3 = ?r if (M e -A)>- lj 

For sound radiation between 0 = 0 and 0 1 the source element is locally acoustic. 
However, the pressure wavo has to pass through a pair of transition points in 
order to roach tho far field. For high frequency radiation, the pressure wave will 
bo heavily attenuated as it passes through tho elliptic segment between the 
transition points. For low frequency radiation, the radiation mechanism will 
bo govorned by SI. This zone exists only if tho oonveotion Mach number is 
sufficiently large auoh that M c - A is groater than one. In the second zone bounded 
between and 0 2 , the source element is hydrodynamic. Here the noise radiation 
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process is governed by either Si or 82, depending on' the frequency. It should, 
be noted that 0 2 is always smaller than For noise emission between 0 2 , and 6 t , 
the source element islocally acoustic. Since there is no transition point between 
the source and the far field; the sound radiation process is governed by &0. . 
A fourth zone exists between 0 3 and 0 Trin the special case where the flow . 
temperature is high while the conveotion Maoh number is small such that M c A . 
is less than -1. The source element for sound emission, in this zone is again 
hydrodynamic, and wave propagation will be govorned by St or S2. In most 
oases, only 0 8 has a non-trivial value. The noiso-radiation meohamsms will bo 
only .those described above for tho socond and third zones. ■ - • 

The boundary betweon zonos should. not be considered as a. sharp line of , 
separation. For example, the source; components in the third zone which are 
responsible 'for' noise radiation- near -0 t and ; 0 3 aro indeed acoustic in nature. , 
However, the source volume, is located very close, to a transition point. It is 
more appropriate to describe the radiation process by means of SI. 


, Convection effects. ■ 

In disoussions below, the value of % will be taken as zero. This assumption is 
made mainly for convenience. With this restriction, the paths of noise 'radiation 
will fall on a plane which also contains, the normal and the y x axis of the .shear 
layer If tho source function is confined to. a .small volume near the origin, 
a rotation of co-ordinates intho plane of the shear 'layer will make any radiation 
path coincide with such a vertical plane. The value of h 2 in the new co-ordinates 
will'be zero. In this oase, the conveotion Mach number M c will-be replaced by its 
effeotiveoomponent M 0 cos <f>, ' where # is the angle of rotation. 

A simple turbulence structure can now be introduced to serve as the source 


function: 


tw(x, T ) 5J^+^ 8A < A /J ex p[-{(si), + (i) }]> \ m 


or W(k>u) [-mPi) 2 +(uLt)% ■ (63) 

where X is tho spatial separation-.from the sourqe,-r is the time delay, L x is the 
spatial scale of the turbulenoo and L t is the time scale of the turbulence. This 
turbulence struoture satisfies only the equation of continuity of an incompressible 
fluid. The quadrupole self-noise source can now be written in more precise terms:t 


Bv, 

By i By i By* By* BA^BA } BA k BA, 


W* V *< X ’ T >’ 


(64) 


where the turbulence is assumed to be locally incompressible. According to 
Batchelor (I90Q, p. 179) the fourth-order correlation can be related to. the second- 


ordercorrolations via 


'ViVjV*v* = : v i Vj.v*v*-+v i y* .VjV* + v f v* .VjV*. ■. (65) 


• t Tho Rhear noise term will not bo 'presented in this paper. -ItsanalyticaVform is-much 
simpler, while its functional dopondenco'is similar to that of the solf.noiso term. See Puo & 
Lowson (1970). 
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If k 2 — -0,-thon only the derivatives with respect to y 1 and y 3 need to be considered. 
Equation (64) represents a contraction of the fourth-order correlation function Y 
which contains sixteon terms. These terms can be evaluated through convolution 
integrals, and their sum turns out to be rather simple: 

^ *-**-> - 

x exp [ — 2 2 - ftfaL j)» + (co 0 L t ) 9 } j . (66) 

It should be noted that k 2 has been considered as a variable in the convolution 
integrals. It is given the value of zero only after all the integrations have been 
completed. 

Equation (66) represents the ensemble average of the square of the self-noise 
term which appears in the conveotod wave equation. Therefore, it can be used 
directly in the calculation of the mean-squaro value of the sound pressure. 
A formula for the mean -square value of the pressure field has been derived for 
SO in the provious section. By using the same procedure, it is oqualiy easy to 
derive formulao for the speotral density function <l> n <I>*(y, to) whioh describes 
the noise speotrum received at a point in the far field. The general formula for 
O n (y, to) is given by (49), and the source integrals for -SO, -Si and -S2 are given by 
(42)— (44). A symbolic expression for the mean-square value of the source integral 
can be written as 

O n O*(k,to) - 

where Ji(£) stands for exp { ± ig}, Ai { ± £), Pa {£) or Qa (£), whichever is appro- 
priate; F*(g) is the complex conjugate of Ffg); and the variables r and s are 
dummies corresponding to the transformed co-ordinate £. There are two cases 
where this integral can be estimated analytically. In the first case, the source 
function is confined to the neighbourhood of a transition point. In the second the 
source volume is small and located sufficiently far from a transition point, and it 
is required also that the funotion q(y) bo approximately constant throughout the 
source region. The functional dependence of tho above integral can roveal im- 
portant information concerning the convection laws for eachof the three solutions. 
Henoe, the estimate of this integral will be examinod separately for each case. , 
If in SO tho souroe volume is sufficiently small, tho value of Mq will appoar to 
be constant across the source volume. Consequently, tho variables r and s will 
be related linearly to y and y*. The funotion Ffr) F*(s) can bo written as a funo- 
tion of A a and y, whioh are defined in (C2). After a simple analysis, it can be shown 
that the integral is equivalent to a local Fourier transformation in tho variable A s . 
Furthermore, fr‘ = Mq 0 in tho sourco region. Hence, 

W(y,*» - ( 167TV 2 )- 1 (Mq„) (277) 6 <i> 0 flij (k, to) 

xexp[-K(* 0 A) 2 +(to 0 ^)8}] 

= ™£ r i L % (I 2 ) (K L \Y Coxp - K( W + KA) ! }]. (68) 


W 

167T 2 ?- 2 


\Mq a \ 


vt M*L t 
128n 9 LtA' i 


{(i 1 Z( 1 ) 4 + 


ff M iX F{y* y, k v k 2 , w) 7 

J J l( ] 1 w IWWF dydy ■ 


(67) 
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By comparing this equation with the classical results, one finds that the con- 
veotion law is tromondously different for the present equation. In the classical 
result, the factor will to replaced by the term in the ex- 

ponential index will be replaced by (fe^Lj) 2 , so that 

O 0 «&J(y, w ) ~ ~ M o 003 K^!) 4 exp [ - |{(fc co ii) 2 + (« 0 £ t ) 2 }], . (69) 

where a bandwidth adjustment of (1 — M c qob 0)* 1 has been included. If (68) is 
written in the same form, tho oonvection factor of (l-if o cos0)“ 4 will be 
absent from the expression for sound intensity: 


•hoOo^y.w) 


-nvl M 6 L t / c/ M \ 
32r^ x W 


K^i) 4 
(1— M c gob6) 


exp[-K(*o^i) a +KA) a }]. 


(70) 


In (68), there is a factor of qjqo- It- is natural to ask what may happen if q 0 
vanishes. If this is tho case, tho source volume will be in the immediate neigh- 
bourhood of a transition point, the /SO solution will not be valid. Radiation from 
suoh source volumes should be calculated by using tho Si or S2 solution. In tho 
above analysis, the discussion should be valid for all frequencies as long as the 
souroe volume remains compact and small. That is, it is not necessary to confine 
the analysis to the high frequenoy limit. However, this analysis is not valid for 
very low frequencies where the WICBJ transformation itself would fail. 

In the iS2 case, tho values of r and s are small throughout the shear layer. Hence, 
tho function F x (r) P* (s) can bo replaced by its value at r = s = 0. The integral 
in (67) can be written simply as an integration of the source function over the 
variables A 3 and [i. For convenience, the souroe volume is assumed to be small 
such that the convection Mach number will be approximately constant for the 
entire souroe volumo. Wiiilo this assumption allows a straightforward interpreta- 
tion of the result, it is not essential to the analysis. The value of ijr' is proportional 
to &}(Af£l)4 in tho present case:f 

{«.«)*. a- :»£(£). < 71 > 


where k is a proportionality constant which equals one in the neighbourhood 
of the transition point. It should be noted that the integral in (67) - in its present 
form can be considered as a Fourier transformation in the A a co-ordinate, while 
the wavenumber component in this direction vanishes. The result of the integra- 
tion can now be writton as 


0 t a>?(y,w) 
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(72) 


Again, the faotor doserves some attention. It remains finite for all direc- 

tions of wavo radiation which belong to S2. Tho domain of validity for 82 has 

f Thoro are two cases of S2. In tho othor ono, ijr' — 
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been defined in the Inst subsection. Here 0 will always be smaller than hr, and 
it oan approaoh \n only if the value of M c approaches infinity. 

If the wavenumber factor is rewritten in terms of the local frequency w 0> 
equation (72) will road 




n-M B vt L t Pa 2 (0) 


(o) 0 Lj cos 6}‘ 

{i~m c cos oyF 


,oxp [ - UihLJ 2 + KA) 2 }]. 


(73) 


The convection law as shown in this equation is different from the classical 
result in two ways. -First, thoro is an additional factor of (cos 0) 4 ' 6 . Second, the 
conveotion factor is stronger by a factor of (l---iY c cos(9)-i. Analytically, the 
latter effect is a-rosult of the interaction between the noise radiation mechanism 
and the shear velocity gradient, sinco an additional factor of (AA)^ comes from 
the factor in (72). 

The Si case will bo considered in two parts. Again, the sourco volume is 
assumed to bo small: it is looated either in tho neighbourhood, of the transition 
point or far away from it. The convection effects associated with the former 
condition can be anaiysod in tho same way as is the 82 case. Here, the value of 
\Jr' in the neighbourhood of the transition point is 

f = ' (74) 


and tho function J<\{r)F?{s) will be evaluated at r = s = 0. Hence, (67) ean.be 
written as • 

. . . Mp[-H(t.A)*+ ( «i,W- 

8r 2 A s Lfni (l-M B aos U)\ 

In (75) tho conveotion factor is different from the classical result by a factor of 
(cos#)?' 3 -' 1 (1 ~J/ e c°s0)-«>. Tho interaction between the sound emission process 
and tho velocity gradient is slightly weaker than in the S'2 case. 

If tho sourco volume is located in tho elliptic branch and far away from tho 
transition point, tho Airy funotions oan bo roplaoed by their asymptotic forms. 
Consequently, 

Fi(r)Ff(s)j{ifr'(r) fr'(s)}l = rh-U<\(r) F* (s)j{M*q(r) q(s)}i 

(76> 


Since the source volume is small and q remains approximately constant over the 
sourco volumo, tho argument of the exponential function can bo written as- ■ 


j V Mqdy = j Vl Mqdy+j U Mqdy= Q + Mq^y-yf),. 

Q=J Vl Mqdy, (77) 

where y t is a suitable point in tho source volumo and q 0 is tho value of q at 
- It is important to noto tliat tho above function depends only on fi and not A 3 . 



S. P. Pao 


470 


The integration of (67) over the variables A a and ft, has again the meaning of 
a Fourier transformation of tho source funotion in the A 3 co-ordinate, while the 
wavenumber component vanishes. The result of the integration can now be 


given as 


IJVq JfPIji (frg 20 

32r i A i L l q 0 


((OpLi cos 0)* 
(l~M g cos Of 


exp [ - MW + (u>o L t) 2 }]- 


(78) 


The convention factor (1- jl/„oos0)- 5 is exaotly the same as in the classical 
rosults. Howovor, the above equation contains also a faotor of (oos 0) 4 e -2 °. From 
the definition of transition point, one can verify that the transition point is 
olosor to the edge of tho shear layer for smaller values of 0. If the source volume 
is located at a fixed depth in tho shear layor, the distance between the source and 
the transition point will bo groator for smaller angles of radiation. For a given 
frequency, the directivity of noise radiation will be strongly modified by the 
faotor e~ iQ . This is perhaps a contributing faotor which leads to the observed 
cardioid pattern of jot noise radiation at high frequencies. 

Q is a linear funotion of w 0 : 


where y 0 is the position of the source funotion and 8 is the angle of noise radiation 
in the far field. Bymeans of this definition, (78) can be integrated over <u 0 in closed 

analytical form. > 

Mach-number and temperature dependence 

Equations (70), (73), (75) and (78) can be integratedlanalytioally over w 0 . The 
result will provide a value for the total amount of noise emission in a given 
direction for each of these oases. The exponential funotion in the turbulent 
source speotrum can be written as a funotion which depends only on w 0 : 

+ *”S0. 

expl-Mfti, )’+KA)‘}] - exp [-5 ® *( 2 T i ) 11 


(j--¥ c cos6>) 2 + ct 2 M§ cos 2 & 
X (1-J/ O cos0) 2 


for SI and £2, (81) 


LjL t = a(MJM), 


where a is a oonstant which defines the ratio of the integral spatial scale and 
the integral time soale of -the given turbulence structure. The value of a 2 can 
be taken as 0-1 in jet turbulence. The value of MjM 0 is a matter of definition. 
If a single source volume is under consideration, the reference Maoh number 11 
can bo defined as the same as tho looal convection Mach number M c . Hence, 
MjM 0 — 1. Equations (70), (73), (75) and (78) can now be integrated for noise 
emission in a given direction. Tho rosults are, respectively, 


v- — , , 3 x 2i n^vf ) M s a i q a 
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1I C cos 0) 


{A*+a?Ml)-l for SO, (82) 
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where T(x) denotes the gamma function, and the function F(b) and the value of b 
are defined as 

. f* 00 ‘ „ 

(86) 
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(87) 


It should ho noted that the value of b in (87) is defined for solf-noise. Its value is 
smaller for shear noiao by afaotorof l/2i. In (82), there is afactor of (1 — M e QO$0)~ l . 
It is important to note that this term remains finite for all solutions which-belong 
to 50. According to (59) and (61), the value of (1- J^cos#)- 1 can never be 
greater than {M e + A )/A , For sm all ■ val uos of Mach number, all of the above cases 
obey an M ' 8 law. For high Mach numbers, the current results are not the same as 
the classical results. First of all, the 50 case approaches an M 2 law only when M\ 
becomes significantly greater than A 2 . However, this does not mean that 50 
radiation is necessarily more efficient in the higher Mach number range than 51 
or 52, because this type, of noise radiation did not have the advantages of a con- 
veotion factor to begin with as did the other two cases. It is quite surprising to 
note that the conveotion law for the 52 and 51(a) case turns out to be less 
efficient than the M 3 law in the high Mach number range: there is an AT 2 ' 8 law 
for 52 and an M 2 ‘ a? law for 51 (a). For the 51(6) case, the Mach-numb'er de- 
pendenoo is identical to the classical results. 

It iB not clear whether the slight decline of the noise radiation efficiency in 
tho 51(a) and 52 cases is experimentally observable, assuming that the above 
conclusion is correct. The overall noise radiation depends also on the fourth 
power of the turbulonco intensity v 0 . If this non-dimensional value depends on 
oven a small positive fractional power of, tho Maoh number, tho dependence of v% 
on Maoh number will largely compensate for small deviations from the M 3 law. 

Another unexpootod rosulf in this study is tho dependence of tho radiated 
sound pressure on Cj/c 0 . In (1), both tho source function yidvfdyj) 9^/%* and the 
pressure fluctuation log (pjpo) aro multiplied by a factor A. Since tho source 
funotion as dofinod in (8) depends explicitly on A -2 , it may appear that the 
intensity of tho radiated noise would dopond on A -4 . This is not tho case if one 
examines carefully tho solutions as given by (15), (26), (30) and (39). While the 
faotor AA~ 3 of tho source integrand is evaluated in the shear flow region, the 
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factor A associated with log (pjp 0 ) should be evaluated in the far field, where it 
has a value of one. Hence, the sound intensity in the far field depends only onA -2 
instead of A -4 . Such a dependence can be written as either Tj P } or Pjlp 0 , and it is 
muoh weaker than the corresponding dependence discussed in Ribner (1964). 

Limitations to the present theory 

In general, the accuracy of the present analysis is limited to the extent where (3) 
is applicable. Although thoro may bo further improvements of this wave equa- 
tion under special flow conditions, it appoars that tho present solution contains 
a sufficient number of differences from the classical analysis to warrant detailed 
considerations. 

The socond limitation of the present analysis is inherent in the WKB J trans- 
formation. The application of tho WKBJ mothod should be restricted to cases 
whore hL > 1, whero k denotes here a dimensional wavenumber. Tho value of kL 
is direotly related to tho Strouhal numbor St in aerodynamic noise: 

St = oiLjinV = kLl2nM (kL = 2irStM). 

For a turbulent round jot, the characteristic dimension is tho exit diameter of 
the jet. For most jots, tho peak Strouhal number is between 0-25 and 0-30. If 
the jet velooity is greator than '0-0 times the ambient speed of sound, all the 
noise radiation near or above tho peak of the spectrum can be studied by the 
present theory. The same statement can be made also for rocket-noise radiation. 
The peak Strouhal numbor for rocket noise ranges from 004 -down to 0-02. 
However, the corresponding valuos of M ranges from a minimum of 6 to well 
above 10. 

In the final discussion, most of the interpretations are made on the assumption 
that the source volume is small. If tho source volume is large, much of the simple 
interpretation in terms of ray acoustics will no longer apply. Hence, such dis- 
cussion serves only to indicate tho underlying mechanisms of noise emission 
from a physical point of viow of fluid mechanics. 

Finally, it should be pointed out that tho present formulation is given in - 
torms of Cartesian co-ordinates. It is perhaps more appropriate to study prob- 
lems such as jet noiso radiation in terms of cylindrical co-ordinates. Mechanisms 
such as low frequonoy noiso radiation and the intoraotion betwoon jot instability 
and noiso radiation can bo described more accurately in oylindrioal co-ordinates. 
Analytical techniques such as Fourier transformations and WKBJ methods re- 
main available for obtaining solutions from the latter ease. 

This work was supported by tho Unsteady Gasdynaraics Branch of National 
Aeronautics and Space Administration- Marshall Space Flight Centor, under 
contract no. NAS 8-28588. 
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